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Preface 


Control and device engineering are unthinkable nowadays without pneumatics. 
New application areas are constantly being opened up in every conceivable branch of industry. 
The term "Pneumatics" encompasses working with compressed air. 


The course participant must learn to understand the preparation, supply and control of compressed 
air, as well as its conversion into mechanical work, thus enabling him to work confidently with the 
medium. 


This course, with its compact teaching material, is designed to help teach the reader the basic techni- 
cal relationships in pneumatics in words and figures that are easy to understand. 


The exercises, an integral part of the course, will enable the reader to check his progress at any stage, 
allowing him to repeat the relevant sections of the course. 


An increased success rate can be achieved when practical exercises are carried out in parallel. For 
this purpose, Rexroth offers a pneumatics laboratory trolley, with the help of which all pneumatic cir- 
cuits described in this course can be constructed (Further information from REXROTH see below). 


To keep a check on the success of the course exercises with answers are included, which demon- 
strate basic pneumatic concepts together with some of the possible circuits. 


This will ensure that what has been learnt can also be put into practice. 


Rexroth wishes all course participants every success. 


Mannesmann Rexroth Pneumatik GmbH 


Hannover 2UN wy ENTERPRISES Pa vy 
41! Ponerams ¢ ante 


Bldg. No. 2 Raja Ghaz-nfar yi 
SADBAR KARACH] 


Kh ni Lad GPT 


Contents 


Properties and Application Areas Of Pn@UumattiCs. 0.0.00... ccecccecesceccccceseesseseesecereeesereessenecseeeeteneees 11 
MIECHANIZATION. ANG AUTOMANOMrasnscsvcnssccnsncnnvosnsiintwetdeacensoneravsieroneatibiedeaibpuowirasniuceasiususheldesPecedvabenceniudorweateantsaxaseeis 11 
DETININONS; ADOICATION FPGAS oicsc oranda ceceas cence concencadeaseceadacaadataancadscadasntducst ansiesaat kaavenindduaasestaceesedsanczvecsaseacsveees 12 
Drives and Control Engine@ering...................cccccceceeccceeeeceneeecceseecensusecsucusccanaucessuseeccaececsauscensuseecnasseceuaesteneneteses 13 
Properties of Different Energy Me@dia........... 0... ccceeccsscccsecesecccsesceccoscsenecteuctensesevensecenecensnscueretseeesageeaeeensneeeaeees 14 
PFODEMIGS Of PNEUMATICS 2.c..icccccasccecnssenangacsddsenenwneekertennessnerancovsnedeiearenbshestanesdenedecenvesectseciecssnceterndhdwonceieadenes 15 
Transmission of Energy Dy Pneumatics .................ccccccceseceseececeeecceneecaseccussecuecccuacesusecsusaceauecesaecccaesesanecsneenens 15 
BaSiC PAYSICAl PriACIDIOS.....ccccicvsivscndesardessesnacissnassictoaavandabansectsdendsacinsesnevesaotsnduttsdentinereduaansensonvnstaaynes 17 
CIDE CTEN NT GL Ss, SANS rte edes sake rca ttc en laut arsed a eecnss netecetch anes pstadvalstereict nes see ecotaseisisasdens ane Meaceenatien nies; 17 
Pressure Definition and Pressure Mea@SuremMentt ................cccccceeeccceeeeeeeenseeeeeeeeseeeeeeseesceseasacesenaeeeesseeesenenenenenes 20 
FP VSIC SO CASS cireanetetamtun eonenccodae arsaweecu nen tateeave unmet uob ened avataniaan enc euch Geanted ea auneed ailidlalehaestoomnel gameday reuamn enna 21 
aS Ol lal Oi aS eS ecnsccscananarenacesianuese satus thuawecennssnusohenitesuedan ican dswadesedesesneuseudsedueshedi qian eas neeevieacesnausiens 22 
Air And Compressed Ali ..............ccccccccsssscccceesecececueeecseseeneeeeceeeseeesseaeneeesaesesenseeeseseceeuececeeseuececsesneesesensueeesesensees 23 
GSS SO FAI COI ace acscsecse na tata nessa piwranacuss een cay chau csaaieeceoonaapnascinesaiiaa sp suwsounsesensousae icky aedsiedetaeasanete: 24 
Exercise. Compressed Alf RESCIV OMS piisccesossscutesenvacessnansdecaesdrusadeshaxaussyentiewesydenvewssvendwanteadeunnsiwsceveunieiaansadneees 25 
GS se CN cscs cicadas ents wre cia teeta cine ge ntsc oo ncn in pats pc pecs ts og a eee or gee eae casa em aenseessnoye 26 
Exercise: Water and Compressed Alt ssiscicisccccssecsesniveseatasce saedaceaie anes teedaedcsavabdndesnesheenensanbbnnaheusasbsaineusegedeansageoaser es 27 
BE SIS C2 INN I ccc teececes casprtne ses vc ynre iescestoe poe eeve on eecloc ecto vic ores Sncreiane eavtecioepars trayrareet ua ss sebetauteacnehoccncee paauaeeespeaweneteser 28 
Compressed Air as an Energy Source: Generation, Preparation, Distribution.........00...0..0.. 31 
Quality Requirements for Compressed Alir.................ccccccccccesccccensceceeeececeaceceneececsaeececsueesesssecessuecesseeeceaaesseeens 31 
PROVISION OF COMDIESSER AM causes cxicnaveremeacnssasharsuektasdivasmdbbanaesvtuindycoteices eavencetncncearestedduarrenicuaghuidemmnniaauieiuesss 32 
Generation of Compressed Air: Terms, Definitions 2.0.0.0... ee cecccscseeceecsetenecneteeeesceseeecsesenetsvenseseeseneneeeneneas 33 
Generation of Compressed Air: Types Of COMPIeSSOSS .............ccccccseeececeeneeececeaeeecnseaueccceanseeceeeneueeeetseneeeeeeees 34 
PIM GOT FES SOO PA UNsrcss scaed ascetics sacs aseetanauesinayseewacrosab anes sons se cuvesnsaaeean 08 ssacseadasnenursdeanapsas ones coteaeevedeqyeaueenvae: 36 
Compressed Air SUpDIY INStalAtlOM Ss its cinceveisanerceneoren duerendawneevedbeces tiene iicdbinbwaeseaauuenataisendeadeduvermawenundtenaumndarat 37 
Compressed Air Piping N@tworks ...............cccccccccesccccecccenseceeececececea cece cccsasecseeeeeeeceseacessecensecesseeessuecessuesenaueres 37 
COMIPFESseO All FED AlAUION sicievreevesoseacenieessasatadetanapudadevacepiagudsacwnersiadenviteavoennnyatuesseaeaerencbtvenkdbriatedseakeceiints 38 


cONNY PNTER PR ISFS Paw) 


a’! BPaurnrama f en 


Pneumatic DriveS....... cece cece seeeeeeeees BIG Twa a re error sft atic e bth MO Le cecceeeensnniee 41 
CNUTINS cescrcn ap iacsansiusiocserunciuaieccstesuaadtnadmaanesuntonssinicaantnavesns: GTR MA WE ooo vccnctcsicescartcenanaeeacsatines 41 
Pneumatic Cylinders: TyPe@s 0.0.0.0... cccccccccsseccssecesseecansecaeeeseeaeecsaeesssesaaseeeeseeeeaesesasessaeeeseasensaeessesensuetensneeenaees 42 
Pneumatic Cylinders: COnmStruCuOny sscs ieccecsscasaedeseneaigenessnnachewansencnsbcunedaesntecnesadentopcldaee¥eodecuisdacsanseaacusanasdsnaraesuens 46 
Pneumatic Cylinders: End Cushioning ...............cccccccccsseccccescecenecceceuceccssecescneeceseueececeacecsuscecseaeeessenseseeaeecessaaees 47 
Pneumatic Cylinders: | y¥b6S Of SCA c.cicssecsdacaswnvesssieenss aicvsundvedecourt veaeusxadeddadusreyserayusecduesaesassseigeenterandivedetossraebes 48 
Pneumatic Cylinders: Data and DIMENSIONING ................ccsscccssececsecccseccesececsenscaseecsseeaesscaaucccsuesecaescaonasecaeseenonss 49 
SEI TMI OP CaM OS coor ges wecinea aces toctsa gous naconadoe cece costes aca we suaie dugerees ceseeueyooewstecsaseyasteceapasriese ovanecsssesassetnsesenss 50 
EXGIciSeS: PMGUMANG Cry INGOIS. 5 sce csadasastieasntduduesannanietecaninasicediauingsiaiuaadabaedys based vaenald acaaeheabasaaiedvenstesetaudeeennans 51 
Double Acting CVIMGStS G2 10 G20 DP ossssossscrsistecosscnawciiatsanvensaspaataawnspaaata feanesausensceadas iesaenesavesiagesabacnistenernnds 52 


6.10 
6.11 


Motion of Pneumatic Cylinders ............ Da iparceutatiatecaen ccteaa Gaen baienedM eco sateaualea abauipeitsaeeuamnesianassnstecadmubunecaumenetaceeeesten: 53 


Pneumatic Cylinders: Example of Data Sheet.......... 0c cccccccccccateeececaeeeeeceneaeeceseneaeeseceeeaeesseaeeeesenees | eee ee 54 
COMPreESSEG Ally WIQUOl 8 occccasscactsascedencteSdeevecsatee dente sac Saacastinidmer Is che meucen ened vec? cadesaneeceedantendisegsssesursadeees! | Lecepaeenees 55 
Compressed Air Motors: Selection Citi. csc scscccscscscssscssssssesteveccscececesevevdiessssssesesseessesececesesesesssssseseed osetheere. 56 
clash sce GCS (i ee | ene eee er re | posereaetees 57 
Compressed Air Motors: Construction Type@s.............ccccsceccccseseeceeeeaeeeecensascecnsuesseseneeseseseegeseseenaeseeeeaes | escaseven 58 
Compressed Ail, PISIOM MOlOI Si ccisicaiices Meaasoxcivncvaeaveseassicinseadonnn Mee ebous cetevasncdians velpae Ueadab dav eaesienes aeidudebeasnicbe: | Eceaveceueae 59 
Pneumatic Drives: Outline and Representation. ...............ccccccccsssecccesseeccesceceaueceseesceseesesesuesesseeeeetsaeesen | bandeeeanoe: 60 
Pneumatic Control Elements: Directional Control Valves ee pianeeadas 61 
Control Elements: WAIVO8 ses iccceecriossctbll caiestzossiecieersstestoecteseMltacenedisiecnieabsonizanesiwssviceesinndall eeueeenea: 61 
es and Representation of Directional Control Valves ........... ccc ceccccececseceeeceeeceeneceeuerensenseenss | rere 61 
Graphic Symbols of Directional Control] Valves .0....0....cccccecc ccc eceeeceesececesecsecsesesececsnsesennsessneeeensanees | ee 62 
eee ne Directional Control VAIVES.slbcccscccsscssssossssesecscsesssssetevesssssssscsesssssssssenssssassesessesesesassassseseevea sesenseosan: 63 
Actuators for Directional Control, ValIVGe wccscscsisitasscorasenseecncnund toasescanberdecsevenedesaasensetnsadeqentveddecuneescaanes | Esienhabua: 63 
Function of Directional! Control Valves. | cccceccccsesececcsvsvessesvsesslfectvcessvesesasessssersevasersssarescavercacsenseasseessne pivesepiaah 64 
Types and Representaion of Directional Control Valves ............eecccsceeenceeeseeeeeeeeseeeeeeneessneeceaeeeneeeenes | sdsaesGess 65 
Exercises: Directional Control Valves ooo... ececcsccsscecerscsccecevecscceseveesceuseseescacreeeesereneceeseceeseneaanes | beeuspencians 66 
Conversion of Circuit Diagram — Practi€al DESIGN .......... ec eecccseeeneeseceerecserenseseceeeeesensecsneesueeesueeeees | baanesaes 68 
Types of Pneumatic Directional Control WAIVES: cecssiresirsaccasacll sassiesscssemoniacsaoeveesenreeenpetecseeanctcnece asl pstsdewere 69 
Piloting Pneumatic Directional Control VANVCS.ccccscsscscscscccceesessessssssssssssssssstussesessscesesssssssssssssessesssseee ieedeiaeas: 69 
Design Features of Pneumatic Directional Control Valves ................cceeccccsseecccseeeceneeseceeeescnseeeeenaesesees | Maaeeqseee 70 
Sizes of Pneumatic ValVeS ...cccccceccssccsessssecssecssesseseseessucssecssecssssssessvecavecssecsucsssesasessussssesseessesstecsueesvesse | ne 71 
Types Of PNEUMAUG SIGS VAI CS icssiccsall ssncersncnioavvensuersncuasteces ts ectanninsnsvdenacwresd con dmpadcesanneuaueetinienceneanlls | piadeeness 72 
Practicel Types of Pneumatic Slide VANES cocccscccccsccsccccsccccscclbessesessssssssscesssssencssssssesesessessssesaseesssesel sieeetadias 73 
SOISNOID VAIVES. ..............0.cccssscccesecccssec[necscceeccccsncecescecencceserseGeenenrenenenenensens Pisaesaug ne dsieastomuriespseudeueeom | ccoseese 74 
5/2 Directional Control Valves, Nominal SiZe@ 7 0.0... cece cece ceccceesesecesecsesevecseseveseusesensueaseneaeeensetersens | beueeteees 15 
Summary: Directional Control Valves. ......5..........cccccscccseescsssedhesvesscccsssecesseetiereccensarcccessecceeeseceeenceeaedies | essaseee 76 
Exercises: Directional Control Valve@S....b..............ccssccccsseccsssccctheccsssccnsecccsscecsscccneacseeaceusacesaceransecarsceanes | cecseeee 77 
Pneumatic Control Elements: Isolating-, Choke-, Pressure Control Valves ...................00. 79 
Isolating Valves secsenssousseusstsisesssevssafsosesessesevsesseassvsenssatbessssusssssstsssresssiesesssonstesseesiesisen psaeedtass 79 
Shuttle Valve siasscasevssserseressesssssasesssssdfovsssesessissssatasssssesessind{ssenmisieustssessesesssessnesieenssessee ianaeno ines 80 
EO USE UOT WY AY Sa nstscrtessnsnasecttcincsbeteacadyncudus sen pitas acta veoa/Ganallh tawinnidvosencwsteatswtistacusataaedeadepateavecdsensssedseensee: | peaweanatien: 80 
Quick Exhaust Valve scssstsasssessusssesssadssssissssssssssssesesesesseaschssssassssssssessessessseesssssvassesessssssessessea seuoeaseaee: 81 
Practical ENGI SOE cecsacavnvovsnczercancerevstflcoxssocpvevesnevntnetcerncced/sdM seaecnesousbvebonnisedbrizensovetsvocerevcereenenie eansaceowees 82 
Choke Valves he sccMoceuscasoessectevavnaccesent ll oveiseniesueceeiesnssoesysessec ounsavneeeaieevesnsisiessieeusuascindimnncomeesreitee onacseniaee 82 
COCK CORO AI SS ara steceececonencatasan geese descetnne boeneoruacipies sus goenn AE Nbwdep baw vnodleetses vn aekindgasiaeesarandgeanenotuaved | peoroneeae: 83 
Practical Exercises Ns celescnasseiciesocanelacudstons taped anioventesalf veeconqiseimsotsiexentstanusiceensssitnvennti cadeaeesame: 84 
PreSSUre COMUO) VIVES: scncdecetindessccshatMeanndesnaaasuensincessabssacnnssned as sensetncaicesseceaanercrandtenteunewsetsndmiendasvaccanes | a 85 
Pressure VU IEC MNCS AN tg cess eens tenea wadsaaresnceeosnantnanc Mt oatsous al aseiwensaa todd seas gongsnacendoceeesanecdacseec: | cgegapuces: 86 
Practical Exercises sscaseastessusasivarssssssadjessissssisssessasissseasssssssesbessasesisenavesssenasisnasscasasessiesseseesesesad seadsteeeses 87 





10.1 
10.2 


11. 
11.1 


12. 


12.1 
12.2 
12.3 
12.4 
12.5 
12.6 
2.7 


Special Devices, Special Valves and SySteMs..0......cccccccccccsccsssscsesssessesessessssesesceseceseeseeceseeeseeeeceeeeee 89 


PMG UMATC TIME DIAS 5 ei oesu'seuyaaces20esgvse'cusvouns sancososancepanboliaesegexansalnaniwossteeeseceaaauetaiacaaatsdcutiesaevastanecsecce. 89 
Practical Exercises: Time Delays .0..........cccccccccccsscceecesessscscesecsssseessssacsessucsasssssssasussacseseseseeeseeceeceeeeebesecesecees. 91 
Pneumatic Sensors: OUTING oo... ee eeccsccescesesesecsscesscscsesessecsersssesssssssssssenstersssusasssesaseeseeseeseseeceseceeeeeceececcee. 91 
Reflection Eye (Screen NoOZZle)...........cccccccescsssssscessecessecscssscssssssssecsssssessesessseuastesseseseesesseebeeseseeeceeeeecec cL 92 
PPA ENN Specs crete seseksnzcs sz acisvoa tlstag nee pau ese asdesvevensedsoesasdcn quasensavaeacsaucec est uperienficcetescsacaceasinedeeaiviciesta tec: 92 
Air Barriers: Representation and Connection 0.0.00... cceccssccsscceccessccecesessssccessccaceseceeeesesecceeeeeebeeceeesececcccce 93 
Pilot Tubes and Dynamic Pressure Switches ...........c.cccceecccccccesccesscessecssececscsesesecssesessuseseeecseceseeeeeeeeeesccececce. 94 
FP CURMATIC PAINS vasa tz acpeisaseaittntndzon Ssarniesannetn dona ¥ondeuisvevsictdedkSetandeoseuseauxamavesucsgcprapoceticioutevenvekdsecneessosiiucseceace: 95 
Pneumatic-Electric TranSQuce rs. ...........ccccccccccscescssssesscescesecssesesesssssacsascvsssassissesstassuaesiseececseseseseeceseceeeeececesecee. 96 
Piping, Fittings, ACCESSOTICS......... ccc cccecsscsssscsssesesssstssesessessssssessssssauseviveasevecseveesceseececeeececcececcecee. 99 
Piping, Fittings, ACCESSOFICS 0.0.0.0... ceccessccssessssecscecsacesaceesssssseessesesseesessusssseseseeecececeesscececeeesesecececeeeecee Lo. 99 
Fittings ANd CONMECHOMS......... eee ececeesssesesecessescescsssseccecessesssesesssssssssesetessassessssvsssssessusesestassussusesesceseeecececeeescce. 99 
Fitting Types: COMM@ COIS 000... ee csceescssscececssessssesscssessceaeessecsccsssessssasasessssrssssssusesstsesteetccceecesesesscecseceeseecs 101 
FEMS CN MENS cad pete est cesectsc pepe catcher otesicss ceca ribet: acne cia usw gad evttenanecat'a uncacesa.aesee. cectaeanudvatesesaesiiccs 102 
Basic Pneumatic Circuits: Important Circuit TyD@S.......ccccccccccccccccccsscscsccceseseesecesecerececcececeececcecee 105 
FTES UPS CUE OS senna ssa bcd cedex sien teecaecenoi n tteeaisacrediaguns ds eedunexosetsaatane acdiveuanientansseicaeckcdeycemasacaeleraceasdasuncsansciaece 105 
Control of Pneumatic Drives .......... cc cecsssccessesssssescesccssceseecsecsseessesasesssscssesssecsesssessassessuseseaseracesseceeseceeesceee. 105 
RS AOE OM inca oasis ie ung vers esectop sara eengs'etgierctnesnetizn csuaredswostaosietiacsiedieduchcecoanodeansestess aeaei diatesastaccteccta, 106 
Control of Force and Torque ..........cccccccessccssssccsesceessarevsseseessessessueesesseserssesevsssevtenesereeeseeesseeeesegeeeeececeeeecc 107 
Stopping Pneumatic Cylinders... ccccccccescessesssescesessscsessscsassssssessuessessesssssassussesvseeascasssaceessseseeseceeeeecece. 108 
RAG CUI Ee AAO tnt cle were era cue bettces iden toca nes dunt vpsaroserettiey esd pnptnndtinctatasticos cette ticle eateesndisecareocnose dt ce tvsnacteeaae: 109 
Characteristic Dimensions and Layout of Pneumatic Installations 0.0.0... cccccccccccccccccccecccececceece. 119 
Sizing of Pneumatic Installations..........0.ccccccecessessssseedessecescseessssssssesascscsssesstussssseactessesevestecsesseseseseeesececes. 119 
)-2 1419) [20] a] 41112 Ea nr ee nee ee ne 120 
SRE Pat} 


—~>e TT ao: an oe 
qgoOnuy = T r PRISE 


M. 
pit Case regena € OV tes 
standards and Guidelines.........0...cccccccccccsceccee ee ee eee eee Le ar ee 123 
Graphical Symbols for Pneumatic and Hydraulic Devices, Power Suppliesahd DTiV@S.......cccccccccccccccecececes. 123 


Pneumatic Installations: 


Functional Descriptions and Fundamentals of Control ENQING@@ring ..... cee cececceeeeeeeeeesees 129 
Pneumatic Installations: Designations, Definitions .0...0..0....ccccccescsccsccccessessesscecsecceceseseceececececeeecececeseseeeece. 129 
Functional Description of Installations .0.....0...cccccccssecescccescccessceeacecsesesessseessutauessaeestseeceseeseseseeeeeseeececec 130 
PUGH SNA ES es srstnestcg ncaa dole sdeoecmmeass anmatsannd une couct evceendeieauciicves cuss odesen se ec vduea heecets cteecomaeiecccacsstmureri tcc: 130 
Function Charts (Flow Charts) .0........ccccccecccccccsessscesececssceseesesuessseeessueserseseasssusesseteeeeeeeeceeeseeseebeeeeecccce 132 
Function Charts and Function Diagrams ....0......ccccccsecscsececcesseessessecssessscssssesssaeseseeseseceeeeeeeeceeeeeeeeseeeeccecccee. 133 
Example of the Representation of Function S@Quences .0........cccccccccessesecescesecesssscceecsceececececeeeececeeeeseeeecececes. 134 
Exercise: FUNCtION SEQUENCE ...........cecccsecessecesscessscsscesaneessecsatesssessecessesesarsussesssessesesecesecececeseecesecececesececes. 136 

¥ 


12.8 Pneumatic Controls: Properties and Circuit Diagram representation ..............:eceeseeseeeneeseetteenneettnetresenes 138 

12.9 Classification of a Pneumatic Control SYStem...........cccccseeeeeeneetteeenesseneeneeeneeseeeseceetrenenenennerseseaens — 139 

13. Practical Circuit Examples... pecs eee eeseseneerenecenesenetsteneesesseenersnersesiaiaeeneenenensenieneneneas 141 

13.1. Conveyor Drive po cecssassd cexcsnastsssnmnsmsrienal sormgyasisnnegeionsiseecsaannesnesisons ee 1414 

13.2 FillinhG Device ................0.ecsssssscsssssereracefecseecsseesentnenesesnenseassseusegeresenensnenensensedgarensercorsnssesnesnsosactscerensetaty coos 142 

13.3 Pneumatic POSS ce cnssucocavesasoasausseuasnsnusdehencobsoarawascnsundentauatenonannaheedswershssasabeessinddcebanena seenseeerverleenayiaeuexedinanes | Sasi. 143 

13.4 Dipping and Washing Device ............... ee rr eee rer eS cesses 144 
1S.5- ‘PINMG DEVICE cic ectessscacescaceneacrencoatesduerast Bac esledatincieansett g-oasaes doeaas a trocnes ssadaciay sete amber esaavenhpnatontasenreeuncatenese: | Soosete 145 
14. Fundamentals of Digital Technology: Pneumatic Devices for Logical Functions ................ 147 
14.1 Open and Closed Loop Control Engineering ...........cec ces csseseeeseetneneeseenseneseeteenaeeeteesenereatannenegegs = 147 
14.2 Definition and Formation of Binary Sigrials................:c:ccseesseseseereeeeeeeeenettteeneneteseaeeeeeeeeseseneeeseaeenenenseanan — 148 
14.38 Pneumatic Devices: Signal Inputs a ee eee eeeteess 149 
14.4 Digital Systems and Combinations of Binary Quantities eee bseeeveke: 150 
14.5 Basic Logic Functions: Definitions and ‘SS ieguiaielas Seemmammanenmenanis Saitek 150 
14.6 Pneumatic Devices for Logic Functions a | ee) re 151 

14.7 Practical Exercises: Signal Fah acl ccsectcatescnaaetctastecd cieoeoesiemmeatianacredseraeestanadtiaad re 152 
14.8 Practical Exercises: Logic FUNCTIONS ...)..........ccceeeeeeeeeeeee ee eens OP. cssacussisenuh iusunesssadat ees ameaoeginndnnsans | ee 152 
14.9 Memory Elements ee) ee ee beueeioee: 154 
14.10 Time) RESPONSE ........ cece cece teeeeeeeeeeedeee eens ccccccccseasstsacheenasuusbiisiussesiitissisesiseussuste ere 154 
15. Pneumatic Sequential Control: Circuit Design and Practical Examples ............-.-ece 157 
15.1. Pneumatic Sequential Control 20.0... csccesceseceeeeesesseeeeeeenseneesesenenaeeeeeseenscaeecererresseaueasaseeaneeannees | peieseewes 157 
15.2 Circuit Design for Sequential Control........... cc cceceeceeeeeeseeeeeeeereeeeeeeeeenteneneesntesenersteseneereaenereeeeresenenens | eee 157 
15.3 Exercise “Bye cctecsces Uocersrsuntsceststunsantat le vrtvesinesnnatimintsseresteevetenentoeninstl sopeeeets 158 
15.4 Signal Overlapping in Sequential Controls ee bbans eee 159 
15.5 Switching of Signals in Sequential COMtrols............sceeceeeeseessenseeseesetenenseeseeneesrenaeeneessttsesesecseeteneenenees —— 160 
15.6 Circuit POSSIDILItIOS .............ccceseccccsseceecfbccecescenscssescccscnenerecteacugecnscessoncuccsecssouaetsanscssanensensanavacentensseaes | ieee: 161 

15.7 Heig Clock Sequence and Cascade System to Switch Off Siqrial.eccesssssssccensecnnsessanecssensseeveneseeeel eoyaemmeine 163 
15.8 Basic Clock Sequence Circuit... pessessceesersecessesseesseeseesnceesneessnesaenerenssesseseneeneaenaneesaaeenenenseeeneess — 164 
15.9 Integrated Clock SEQUENCE UNiit ......... eects ete neeeee tenets ceereneeeneteeneerneseetseetentaenseeneataeseneeseene erste | eee: 165 
15.10 Exercsie ssc diuseis atsinobiccsscumaies ean iaisediabnaddaleieli te <h jewutacied Oude vunsuin otarctl aan dpa t en patonenhad ees aneceee ditanentsebyonedmartidantnctns | eedcans 166 
16. Programme Types, Operating Modes and Interlocking in Pneumatic Control Systems..... 169 
16.1. Programme Types and Interlocking in Sequential still. Bee ccectecests cristae aucateanecceaee! seasaeaees 169 
16.2 Operating Modes and Interlocking in Sequential Controls cdl sccaccecuacevnnstntstssensessunsainecauunceesseiensel pewdunenons 170 
16.3. Programmes with Repeat ac tN ecesacceeteescats ccs clone ceragececetadeensoperanansoceceotaercin soeeaneneas 171 
16.4 Programmes with Parallel Instructions es Seeeeeae 171 
46.5 EX@rCiS@ ..cccccccccccccccscsccccseeccccseccecsecetsssfacnsssscecccnscsorssereeseseconoasscauescceaencasognassenscaueusarenrosassoaersceneseseaanens | er 172 
16.6 Programmes with Programme JUMPS )........: cece eeeeee sees enereneeneeeneetsettentaestaenaeereeneseneeeeseeeneegseneeas | sepeaeees 173 
16.7 Programmes with Different Operating Modes and InterloCking............:c:sceseteseeseressetereenteeeteeeennen | Lediacouses 174 
1628: EXGWISS ciscasensesnertrcerirsncieectneeie ad | ccecctesessuseesesssalfcucssisissnisssesenseessesnssrasinentunestete boleecneses 175 








17. 

ven 
17.2 
17.3 
17.4 
es 
17.6 
17.7 
17.8 


EXCICISES ooo... cccccccccccccsscccccccccsceccccuscsscsecccccuusecccsccucerecssseususeesessssuueeseesscccutseseccccuuersessesecsststeiccececceceseeceess 177 


Graphical Symbols: Directional Control Valve.................ccccccsccessseercctecessesacececeussecccesececssesscesaceceseasssesaeueuses 177 
Graphical Symbols: Flow-, lsolating- and Pressure-Control VaIVe6S..................ccccccccececsessseccceeeeaeeeseseseseneeuees Vf 
WSS REI SS as setae tcctciere panes peeasteaiotynaste satieseaheaisuatsais a oeccistete sau pacecrsndecie seeds incss ened sean baqate aa beuaben Practce tone ecdateaes 178 
FOTO OW LIV Sg gece cecirssicpe tees anesgetawasiacdaiptestius amenstueainsignne va siesta uectneosaueadeteausuiec-uaeaateanotaencleaaeeteapaaganda catvarcedeeyine ae 179 
Pe Ch Co FE ses crea oe ects taste cnn ge aeeten sa wanaice ry eae eds capa penidg daaedeearaaree ac ees eie eaten seamaeecy Seautesaeateaeinn daekeoraneee 179 
S45 (9/0) (e cod © go 0 (seg Bis [0] ¢2 | 19 meemrenmeerenertce Mercer reer Teter Herter mr cent ere a ee ee anne ne ane aD oe eee a Te ee a caer eeee 180 
fle OF CHOU, (OAC AID -ircesitarcentire pra ate eo saienaueoa euten deme nteneondeBaanabieesns iadeanseduwdennesdenbaqwustil es paiosendentasiedeeseastees 180 
OS GS Siac acs incecs arta bata anantunehedinaianeunbiebeoehstias dance buanienatiasightntewahiaansmetciesssueuesaeivyonendee en aentcenesmuneisae 181 
gS (PAY) 


INN ENTERPRIS 
= 4\i Pasorame mae . 
No.2 Raja Ghazosfat he 

saDWVAR KARACH 


.) #oxd 


Bidg. 





10 


1. Properties 
and Application Areas 
of Pneumatics 


1.1 Mechanization and 
Automation 


Energy Medium -— Drives 
O Pneumatic 


O Hydraulic 
O Electric 


Energy Medium — Control 
O Pneumatic 


O Hydraulic 
O Electric 


The energy used in each case is converted from other 
forms of energy. 


We distinguish between: 


O Primary energy 
O secondary energy 


From this, the energy costs for the specific energy type 
can be calculated. 


Energy Costs 

Example: 

Energy type Unit Costs Factor 
Electric 1 kWh 1 


Pneumatic 1 kWh 
Hydraulic 1 kWh 


1,05...1,50DM 7... 10 
045...0,75DM  3...5 


eo 


r 
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Properties and Application Areas of Pneumatics 


Mechanization and automation are required to relieve 
man of heavy physical work and to enable the production 
of goods in large quantities. 


The following are necessary: 


O Energy 
O Working devices and control equipment 


Mechanization 


Man is freed from heavy physical work by machines and 
equipment. The control and working of these becomes 
the responsibility of the men operating them. 


Working Devices 
O Tools, clamping and feed units 


O Drives (linear, rotary) 
O Energy control elements 


Automation 


As well as removing the need for man to carry out heavy 
work, the control and regulation functions are also taken 
away. A person is needed only for monitoring the pro- 
cess. 


A process is automated if it is always carried out in the 
same way or with the same result and without human 
assistance. 


Control and Regulation Systems 


O Digital and analogue control systems 
O Digital and analogue regulating systems 


prises PAyi 
aie B fFaroMmMsA — 
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Properties and Application Areas of Pneumatics 


1.2 Definitions, Application Areas Areas of use 
Nowadays, compressed air can be found in almost all 


Pneumatics fields of engineering, e.g.: 


(Greek pneuma = breath) 


The term pneumatics describes the use of compressed 
air in drive and control engineering. 


Development 


Compressed air was in use as early as 2500 BC in the 
form of bellows. Further developments saw compressed 
air used in organ construction and in mining and metal- 


lurgy. 


it was the middle of the nineteenth century, |however, 
before compressed air was systematically used in engi- 
neering. Compressed air driven tools, pneumatic drills, 
pneumatic post systems, locomotives and other support 
equipment are examples of the broad base jon which 
developmen took place. 


The introduction of pneumatics into mechanization and 
automation began in the middle of the 20th century. 


An example of the early use of compressed air: Recon- 
struction of the water organ of Ktesibios (Arens, 1960). 


' 


Tor 
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— industry 

— trade 

— rail transport 
— air transport 

— motor vehicles 
— mining 

— shipping 

— medicine 

— construction 

— defence 


Application areas 


O 


Generation of linear motion 
— clamping tools 

— feed units 

— lifting an lowering 

— opening and closing 

— swivelling 

— pneumatic presses 

— door controls 

— rotary transfer tables 

— tool loading 

— turntables 

— industrial robots 

— welding clamps 

— tackers 

— ejectors 

— vibrators 

— transportation, movement 
— braking 


Generation of rotary motion 
— screw drivers 

— grinders 

— thread cutters 

— drills 

— shears 

— nibblers 


Applications in control 
— sequence control 

— monitoring 

— protecting 

— locking 

— counting 

— deceleration 

- storage 

— scanning 


Others 

— workshop air 

— paint spraying 
— pneumatic post 
— extinguishers 

— monitoring units 











Properties and Application Areas of Pneumatics 


1.3 Drives and 
Control Engineering 


Energy Energy 
control conversion 


Energy 
conversion 


Energy Power control Drives 


supply 


Mechanical 
work 
Cea eee els hes | 







Control 





devices 








Information and 
control system 


Mechanical 
work 









Electric/Electronic Contactor and Power contactor Motors 
Electric current relay control Linear motors 
from Lifting solenoids 


O Water power 

O Solar power 

O Coal 

O Oil 

O Nuclear power 

O Chemical reactions 




























Digital (and analogue) 
control 

O Wired programs 
O Freely programmable 
systems 


Thyristors 
































Motors 
Cylinders 
Modules 


Directional control valves 
lsolating valves 

Flow control valves 
special valves 


Hydraulic fluids 
using pumps driven 

by 

O Electric motor 

O Combustion engine 
OQ Hand 


Pneumatics 








































Digital control Directional control valves Motors 


Compressed air from O Conventional valve technology | Isolating valves Cylinders 
compressors driven by O Pneumatic logic systems Flow control valves Tools 
O Electric motor O Programmable modules special valves Modules 


O Combustion engine 

















Levers 
Gears 
Transmission 


Eccentric 
Cams 
Tappets 


Mechanical 
driven by 

O Electric motor 
O Hand 


AY 
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Properties and Application Areas of Pneumatics 


1.4 Properties of Different Energy Media 


Drive Technology 
























Transmission limited and slow - 







to approx. 1000 . 


| practically unlimited 
. 50\m/s 


| approx. 300 000 km/s 
| difficult | 


energy costs | 


Genération of linear motion very simple a inte intricate and costly 


economical distance 





a] approx. 10... 


transmission speed 







storage simple 






very high 







very simple 

















| to approx. 4 m/s, higher in 
| special cases 

. power density | very high very high Th. x Jem pe ae Le 
achievable force iz [veryhigh | with considerable effort, high limited, approx. 20.000 N | 
_achievable stroke [ high, to 10m and more imited, approx. 2m max. _| 


| simple 


“working speed 


















change of forces | simple and accurate 


spe ads 


Drives 


efficiency 
Generation of rotary motion : 
rpm 

“achievable torque ch . 
change of rotational speed | simple andiaccurate | OT 
cha simple and accurate [ 


efficiency | | 






poor 










connections | very simple 
overload safety 
innate explosion proof 






Pneumatic _| Electro- | Electronic | 
50 ...500 mbar mechanical | 


| slow and limited fast, without problems 













general 















: practically unlimited 


| approx. 300 m 
approx. 300 000 km/s 


pioisoOlaus |e 


. 
distance 
economical speed 


is switching speed _ 




















ais : _- 
} very small 
very high 







structural volume 
life 
















| Sensitivity ‘dirt, dust Thigh 
to humidity high 
environmental electrical noise high © 








influences heat | very high 






















| very simple and 
uncomplicated 


very simple and 


| simple 
uncomplicated _ | 













7 ‘practically unlimited | 

good provided 

trained personnel 
available 


"Extent of control 
| Operation nd 
| ae is 
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Properties and Application Areas of Pneumatics 





1.5 Properties of Pneumatics 


O 
O 
O 
O 





High power density of drives 
Low power to weight ratio at high speeds 
Innate explosion proof 


Insensitive to external influences such as high and 
low temperatures, dirt, mechanical vibration, 
humidity and electrical noise 


Drives can be overloaded until standstillis reaches 
No return piping necessary 


Simple conversion of energy into rotary, as well as 
linear motion 


Speed an force easily and continuously controlla- 
ble over a wide range 


Energy can be transmitted over long distances 


simple maintenance of devices due to uncompli- 
cated construction 


High reliability, operational dependability and long 
life of drives and control devices 


Functionally reliable even under adverse opera- 
ting conditions 


Economical application in control equipment and 
drives 


. Preparation necessary 


otable speeds not possible due to the compressibi- 
lity of air 


High energy costs 


Efficiency reduced by leakage 


1.6 Transmission of Energy 
by Pneumatics 


Drives 
(Energy conversion from pressure energy into mechani- 
cal work) 


O Cylinders 
O Motors 
O Modules 


Energy control 


O Directional valves 


O Flow contro! valves 
O Isolating valves 

O Pressure valves 
Control 


O Manual control 


O Electrical control 
O Electronic control 
O Pneumatic control 
Energy supply 


(Energy conversion from mechanical work into pressure 
energy) 


O Distribution 


O Generation 
2) Compression 
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Properties and Application Areas of Pneumatics 





Notes 








Basic Physical Principles 





2. Basic Physical Principles 


2.1 Units, Quantities, Symbols 


For a better understanding of the relationships within 
technical processes and systems, a basic knowledge of 
the physical properties of the respective energy sources 
is necessary. To describe these properties we need to 
define the quantities, their units and their formulae. 


The SI system (DIN 1301) is in general use today and is 
based on fundamental physical quantities. Important in 
the field of automation are: 


Basic Units 







Temperature 6 degrees Celsius (°C) 
Electric 
Een ied 






ampere (A) 





Newton (N) 
1N=1 kgemes- 


Pascal (Pa)1Pa = 1N/m? 
1 bar = 10N/m? 


Joule (J) 1J=1Nem 
Watt (W) 1W=1Nemes! 


bar 
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Basic Physical Principles 





| Velocity v 


distance s covered in time t 


| Acceleration a 
| change of velocity d, 


in time d, 


Angular yoy, @ 


angie of rotation » 
(in radians) in time t 


| Speed of a n 


| , 
number of revolutions z 


in time t 


| from Newton's Laws of Motion the 


product of amass m and its 


ae a 


| 1kg atthe Earth's surface generates a 
| force (weight) of 9,81 Newton. 


Torque M 


product of the force F and 
the effective lever r 


Presure p | 
is the force F upon an area A. 


=Aehepeg| 





metres 
seconds 


metres 
seconds* 


(+), (4) 
| \S7* \min 
1 — ie 
seconds minutes 





Newton (N) 
k ‘cD 
1N=1 oem 


| Newton (N) 

| g =9,81 m/s? 

| (at the surface of the 
Earth) 


kp/cm® 


at 


at gauge 


ata 


5 
ilbar=OwPac 10 : 


m 


= 10=——— 
cm 





kiiopond 


Conversion factor 








|1kp=9,81 N 
| 1N =0,102 kp 


| 1 N/cm* = 1 Pa = 107° bar 
| 1 kp/cm* = 0,981 bar 
| 1 bar = 1,02 kp/cm? 





Basic Physical Principles 








| | 11J =1tNm=1Ws 
is the product of the force F and the dis- | | | 1 kpm = 9,81 J 
tance s over which it operates. | 141J =0,102kpm 
| | 1J  =2,39° 10% kcal 
1 kcal = 4,19 kJ 










Energy W 
is the ability of a body to perform work. 









| Potential energy Wp 
is the product of the weight F,, and the 
effective height h 









Kinetic energy Wein 
is the energy of a body of mass m 
| moving at velocity v 









| Energy of pressure Wy (stored energy ) 
| is the energy stored in a compressed gas 
| (without consideration of heat energy) 









| 






1W =1J/s=1Nm/s 
' 1 kpm/s = 9,81 W 

| 1W = 0,102 kpm/s 
-1CV =75kpnvs = 736 W 
1kW =1,36 hp 


| Power P 
is the work W performed in time t 






















| Linear power 
is the product of force F and velocity v 
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Rotary power 
is the product of the torque M and angu- 
lar velocity w 


Bidg. No. 
SA 












Hydraulic power Pr 
is the product of pressure p and volume 


flow V 








| Electrical power ) 
is the product of voltage U and current / 


1m/s =6° 104 L/min 
/1m%/h = 16,67 L/min 
1 Limin = 0,06 m*/n 
| 


Volume flow V 





Basic Physical Principles 








ssure Definition and 
ssure Measurement 


2.2 Pre 
Pre 


When defin 





ng and measuring pressure in engineering, 


the effect of atmospheric pressure on the systems must 
be taken into account. 





Standard Air Pressure in Relation to Altitude 


a 








Atmospheric Pressure 

This is caused by the weight of the mantle of air surroun- 
ding the Earth. It is variable, depending on the density of 
the air and the altitude. 


Standard Atmospheric Pressure 


To obtain a defined value for pressure independent of the 
variations injair pressure caused by changes in the weat- 
her, a standard pressure has been laid down as a point of 
reference. 


Standard a pressure at sea level is: 
1013 mbar = 1013 hPa = 760 Torr. 





Pressure Ranges and Points of Reference 


Pressure definitions can have either absolute zero or 
atmospheric pressure as the point of reference. Depen- 
ding on which is chosen, the terms absolute pressure or 
gauge pressure are used. 





Pressure Values 


Absolute zero 
Atmospheric pressure 
Absolute pressure (p ...) 


Over pressure positive +p 4 
Over pressure negative —p ,, 


f- fF WD MOH OO 


Under pressure, Vacuum 


Because of the existence of different points of reference, 
a number of different pressure scales are used. 


Examples of Pressures: 
1) Paps = 2,9 bar 


Poe = 1,5 bar 
2) Paps = 9,2 bar 


P, = —0,8 bar 









a) Point of reference: Absolute zero =0 
Pressure value: 


b) Point of reference: Atmospheric pressure = 0 
Pressure value: 


Pressure Measurement 
Pressure is measured by a manometer (pressure 


gauge). 

standard models are: 

O Bourdon tube pressure gauge 
O Diaphragm pressure gauge 


O Piston spring pressure gauge 


To prevent damage by vibrations and shocks in the 
system, the gauge is pressurised through a choke and is 
switched on and off by a valve. 


Glycerine is also frequently used to good effect for dam- 
ping. 





Bourdon tube pressure gauge 


Basic Physical Principles 


2.3 Physics of Gases 





Particle Density as a Function of Pressure 


Pressure 45 9 3 












Number per 
cm? 


Conversion Table for Different 
Pressure Values 


Pa ote in. Torr 
N/m? mm Hg 




































107° 1,45°107 |75*107 
ae ° 107 0,981 14,22 736 
1,013°10° | 1,013 14,68 760 
10° 1 14,5 750 
133 1,33°10° |1,92°107 |1 
9,81 981°10° |142¢10° | 7,36¢10° 
69° 10° 6,9°107°% | 1 51,72 


Characteristic Data for Air 


Gas Constant R: 287 (J/kg @ K) 
Critical Temperature ¢,: —140,7 (°C) 
Critical Pressure py: 37,/ (bar) 
Density (0 °C, 1,013 bar): 1,29 (kg/m3) 
Density (15 °C, 1,013 bar): 1,21 (kg/m3) 
Boiling Point (1 bar): —193 (°C) 
Freezing Point (1 bar): —216 (°C) 


Molecular Weight: 28,96 (kg/kmol) 
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Basic Physical Principles 


Gases are composed of molecules which moye in rela- 
tion to each other. Gases fill the complete volume availa- 
ble to them bnd exert a pressure due to the motion of the 
molecules. 

The molecular motion is generated by heat. 


Gas Mixtures 


In a mixture of gases, the individual gases behave as if 
there were no other gases present. 

The total pressure of the mixture is equal to the sum of the 
individual pressures (partial pressure). 


Vapours 


A vapour is generated by the evaporation of a liquid. 
Depending in the temperature, evaporation is possible up 
to a maximum vapour pressure (saturation pressure). At 
this point, t 1e vapour becomes saturated. 


Gases and Vapours 


Gases can be considered to be highly unsaturated or 
alternatively highly overheated vapours. To a first appro- 
ximation, they obey the gas laws. Vapours nearsaturated 
vapour pressure do not comply with the general gas laws. 


Ideal and Real Gases 


Ideal gases are those where the individual molecules do 
not affect each other, i.e. the molecular collisions obey 
the rules fot elastic collisions. They do not condense, 
even when cooled to absolute zero. This ideal condition 
makes the study and theoretical treatment easier, but 
does not occur in practice. 


In many cases real gases can be treated as ideal gases 
with sufficient accuracy. They have a condensation point, 
in the vicinity of which their properties vary considerably 
from those of real gases. As this pointlies at very low tem- 
peratures and very high pressures, however, it is permis- 
sible to apply the rules of ideal gases when dealing with 
compressed air. 


2.4 Change of State of Gases 


The state of agas is determined by three quantities, pres- 
sure, volume and temperature. For ideal gases, the inter- 
relationship is described by the laws of Gay-Lussac and 


Boyle-Mariotte. 


2.4.1 Pressure and Volume 


At constant temperature, reducing the volume increases 
the pressure (isothermic: T = constant) 


pe V = constant. 
P,° Vi = Poe Vp 





2.4.2 Volume and Temperature 


At constant pressure, the volume of a gas is directly pro- 
portional! to its absolute temperature 
(isobaric: p = constant) 








2.4.3 Pressure and Temperature 


At constant volume, the pressure of a gas is directly pro- 
portional to its absolute temperature. 


Pp, OT, 
Ps. ‘T 


P1 T; 


Po To 





General Equation of State 


By combining the above laws, we obtain a general equa- 
tion of state for gases. 


anne = Pe be = const 
qT, T, 








or in another form 
peV=meReT 


Density of Gases 


The density of a gas is dependent on the pressure and the 
temperature. 





PRT 
Quantities 
pressure 
volume 
mass 
absolute temperature 
gas constant, for air: R = 287 [J/kg « K] 


density (m/V) 


ss 


R Dyas 


2.5 Air and Compressed Air 


Air is a mixture of different gases. For practical applica- 
tions within normal temperature and pressure ranges, air 
can be considered as an ideal gas, and the equation of 
state for gases can be applied. 


* 4) 2 Ruy Gnene 
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Basic Physical Principles 


Composition of Air 


Airis a mixture of approx. 78% nitrogen, 21% oxygen, car- 
bon dioxide and argon, as well as traces of other gases. 
Air also contains water as a vapour. 





Air and Water Vapour 


The ability of air to absorb water vapour depends on the 
temperature but not on the pressure. 

When saturation is reached, the water vapour condenses 
and is precipitated as a condensate (fog, rain etc.). 


Maximum Humidity f., 


Maximum possible quantity of water vapour at tempera- 
ture f. 


Absolute Humidity f 
Actual quantity of vapour contained in a given volume of 


alr. 


Relative Humidity ¢ 
Degree of saturation in % 
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Basic Physical Principles 


Compressed Air 


Is compressed atmospheric air which stores energy in its 
compressed state and has the potential to perform work. 


Compression generates heat. 
The expansion of compressed air causes cooling. 


Compression Process 





Normal States 


As volumes of gases can only be compared when related 
to the same temperature and pressure, a uniform normal 
state has been standardised. By applying the general 
equation of state, conversion to the normal state is possi- 
ble. 


Commonly in use are: 
physical normal state: 


p= 1,013 bar, T= 273 K (0 °C) 
technical normal state: 
p= 1 bar, T = 293 K (20 °C) 


2.6 Compressed Air in Motion 


Law of Conservation of Mass 
(Equation of Continuity) 





The volume (mass) V flowing in time t through a pipe 
with cross-sectional area A_ isconstant. Thus by redu- 
cing the area A the velocity is increased. 
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Vs v,° A; = Vo * Ay = Const. 


ae 
A, Ys 
Types of Flow 


a) Laminar flow: 


In faminar flow layers of fluid flow parallel to each 
other. Included in the flow losses are the friction los- 
ses between these layers. The velocity gradient incre- 
ases continuously towards the mid-point of the flow. 





b) Turbulent flow: 


The layers do not flow in parallel as in laminar flow, but 
across and against the main flow direction - eddies 
occur. This causes an increase in the flow losses. The 
velocity gradient is linear over a large part of the cross- 
sectional area. 





Pressure Losses in Pipes 


Because of frictional and flow losses, a pressure drop 
occurs when fluids flow through pipes. This pressure drop 
depends upon: 


O Cross-sectional areas A 
Flow velocity v 


Type of flow 
Possibly the surface area 


OO 0 
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2.7 Exercise: Exercise 2 
Compressed Air Reservoirs _ 
Prabs = 8 bar 
Po abs =? 
T,  =293K 
T,  =9338K 
Pr TT, 
Po Ts 
p,= p 2 = 8 bar « 338 K = 9,22 bar 
.  ) 293K 
Exercise 3 
Paps = 8 bar 
Po = 7 bar (nutzbar) 
The pressure reservoir of a compressor station has a , ee: 
volume of 10 m®. It is filled with compressed air with a } 7 
gauge pressure of p, = 7 bar at a temperature of 20 °C. W,=peV 
1. How much air, based on the technical normal state (1 W, = 8 10° N/m? © 10 m? =8 © 10° J (total amount) 


bar, 20 °C), does the reservoir contain, and whatis the 


_ 7.14175 2. 3_ 3.476 
maximum usable quantity? W, = 72 10° N/m** 10 m” =7¢ 10° J (usuable) 


2. What pressure develops in the sealed reservoir if the 
temperature is increased to 65 °C? (expansion of the 


reservoir not being considered). Exercise 4 


3. How much energy, based on a temperature of 20 °C, 6 F 
is stored in the reservoir, and what is the maximum p= Wa 7210) Nem _ 79610 w= 70.000 kW 
usable quantity? 


4. What power is released if the total quantity of air 
expands within 100 ms? 


Solution 

Exercise 1 
Pie =? bar 
Pi abs = 8 bar 
Poabs = 1 bar 
V,  =10m° 


P,° Vi = Po Vp 
Vo = V1 ° Py/ Po 


3 8 bar _ 


V.= 10m" P 
é 1 bar 


80m 


3 


70 m°® are usable, as 10 m” remain in the tank. 
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2.8 Exercise: Compressed air Exercise 2 

59 95 = ee 40 min = 200 min = 3h 20’ 

o 20% 
Exercise 3 
alge 
Ps iT, 
‘ 268 
P= P, as = 205 bar « 503 ~ 187,5 bar 


; 


The pressure in the bottle falls to 187,5 bar. 





A pneumatically operated tool is driven from a gas cylin- 
der. The filling pressure is 205 bar absolute at a tempera- 
ture of 20 °C and a cylinder volume of 40 |. The tool is 
driven with a working pressure p, of 4 bar and has an air 
consumption of 200 L/min, based on 1 bar and 20° C 


1. How long can the tool be operated from the cylinder 
with a duty cycle of 100%? 
2. What is the operating time with a duty cycle of 20%? 


3. What happens if the cylinder, filled at a temperature of 
20 °C is|used at an ambient temperature of —5 °C? 


Solution 
Exercise 1 
Ps = 205 bar 
Ps usuable = 200 bar 
D5 = 5 bar (operating pressure) 
Ponorm = 1 bar 
V, =40L 
Vo =? 
Py 200 
V.= V,e—= 40L*— = 8000L 
0 1 Poy 1 
t = mC = 40min 


100%) 200 L/min 


26 








2.9 Exercise: 
Water and Compressed Air 











Intake air: 
v =20°C 
o =50% 
p =1bar 








Tempera- | Quantity 


ture 
stage 
in °C 


precipi- 
tated 
in g/m® 








Basic Physical Principles 


In a compressed air system, the compressed air flows 
through a compressor and aftercooler and through the 
network to the consumer. 


On its way it passes through the following temperature 
ranges 


Intake: 20 °C 
Compression: 120 °C 
Aftercooler: 30 °C 


Network 1: 20 °C 
Network 2: OC 
Consumer: 20 °C 


What amount of water condenses in the individual sta- 
tions ifthe air in the compressor is compressed to a gauge 
pressure of p, = 7 bar? 


Solution 


Input amount for 1 m? compressed air: 7 m? 


Water input: f= 20°C y=50% 


7m 8,6 g/m? = 60 g pro m* compressed air 60 g 





Temperature stages °C Condensation g/m? 








20 - 
120 0 
30 30 
20 12,8 

0 123 
20 0 


non-saturated 


at 
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2.10 Exercise: Cylinder 





A double acting cylinder is driven by compressed air. 








Piston diameter: 63 mm 
Piston rod diameter: 20 mm 
Operating pressure: P,=6bar | 
Stroke: h =500 mm 


1. Which outstroke F\, and instroke Fa forces are 
exerted |by the cylinder? 


2. How much air is needed for a double stroke? 


strokes per minute and a compressed air price of DM 


3. What are the hourly energy costs for 12 double 
0,02 per m® in the technical normal aro 


Solution 
Exercise 17 


Piston area 





A.= 


Annulus area 














Foreward stroke force 





x. °31.2cm*= 1872 N 
cm 


F,= p*A,= 60 


Return stroke force 





F,= p*A,= 60 


N 2 
R 7 28cm = 1680 N 


cm 
Exercise 2 


Amount at 6 bar per double stroke 
VY, =A,* h= 31,2 cm* * 50 cm = 1560 cm? = 1,56 L 


Va = Ap * h= 28cm? *50cm = 1400 cm? = 1,40L 


3 


Amount at 1 bar per double stroke 
V, = Ve 6/1 =17,76L 


Exercise 3 


Amount 
V,, = 17,76 Le 12 © 60 = 12787 L = 12,8 m*/h 


Energy costs = 12,8 m?« 0,02 DM/m® = 0,26 DM 























Basic Physical Principles 


Notes 
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Compressed Air as an Energy Source : Generation, Preparation, Distribution 


3. Compressed Air 
as an Energy Source: 
Generation, Preparation, 
Distribution 


3.1 Quality Requirements 
for Compressed Air 


For compressed air equipment and installations to be 
operated effectively, reliably, and with a minimum of pro- 
blems, very specific requirements are necessary to gua- 
rantee the quality of the compressed air. 


Quality requirements relate to: 
Pressure 

Quantity 

Water content 

Solid content 

Oil content 

Sterility 


OOO 0 UO 


Pressure and Quantity 


Pressure and quantity are directly related and affect the 
attainable performance of the installation and its compo- 
nents. This means that the amount of compressed air 
required by a specific device must be available at the 
input port of the device at the necessary pressure. 


To attain this, the following are necessary: 


O The supply of a sufficient quantity of air from the 
compressor 


o) Correct compressor and network pressure 


O Piping network correctly designed and dimensio- 
ned for the required flow 


OQ Correct sizing of pipes, fittings and devices in the 
lines to the system 


Preparation of the Compressed Air 


Water, oi! and dirt have a considerable effect on the life 
and reliability of pneumatic devices. The requirements 
differ, however, for different applications. A division into 
quality grades and the ability to relate these grades to a 
specific application is one way of producing a clearly 
defined specification, as well as guaranteeing the correct 
preparation for specific operating conditions. 


The existence of quality grades and drawing up a specifi- 
cation for different application areas help in deciding the 
correct quality level for a specific application. 








Solid Impurities Water Oil 
Content Content 
Particle Particle Pressure 
Size Concentr. | Dew Point 
um mg/m* To; mg/m* 












Grade of | Water Oil 
Application Solids Grade Grade 


Instrumentation 
Mining Equipment 
Paint Spraying 

Food Industry 

Factory 

Compressed Air Tools 
Control Systems 










Stages 

O Filtering 

O Cooling 

O Drying 

O Separation of solid and liquid impurities and water 
vapour. 


FONwv ENTERPR IS ES ¢ 
4!1 p Norama Conte 
Bidg No 2 R.ja Ghazipfar yi Khem Roxd 
\4DI2aAR KAR AC HY] 
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3.2 Provision of Compressed Air 


Compressed air is prepared either locally or obtained 
from a central supply point. The effort of generating and 
preparing compressed air depends on the requirements 
for quality and consistency. 


Energy Balance 


fae) - | , Stages 


Intake 


| Compression 


Cooling 


Drying 


Storage 
Distribution 


Servicing 








Contamination Preparation 

Dust Input filter 

Dirt | 
Vapours | 
Oil 


burnt oil particles 
Abrasion products 


Water Filter 

Separator 
Water vapour Dryer 
Rust 


Rust particles 
Scale 
Water Filter 


Regulator, Oiler 
(as required) 





Compressed Air as an Energy Source : Generation, Preparation, Distribution 


3.3 Generation of Compressed Air: 
Terms, Definitions 


Po: intake pressure 
p;: intermediate pressure 
(with multistage compression) 
Do: output pressure 
To: intake temperature 
Ty: intermediate temperature 
(with multistage compression) 
Ty: output temperature of the compressor 
@: relative humidity 
Voge: volume flow of the compressor 


(output quantity, based on 
normal conditions 

p= 1 bar, t=20°C 

or on standard conditions 
p= 1,013 bar, t= 273,15 K) 


Pa spez’ specific compressor power 
Pa: power consumption of the compressor 
q: ratio of pressures of the different stages 


Relationships 


A 
P = —— 
—_ V ot 
p 
I= for single stage compression 
0 
p 
q, = 7 for multi stage compression 
{ 
P, 
q, = c 


Compressed air is compressed atmospheric air. During 
the compression phase, the air stores pressure energy 
which can be converted to mechanical work through 
drives or which can be used through control and measur- 
ing equipment for the control of process and measure- 
ment applications. 


When air is compressed, only part of the energy is conver- 
ted to pressure energy. A large amount is dissipated in 
frictional and heat losses, therefore reducing the effi- 
ciency of the equipment. 


The relationship between the power consumption Py of 
the compressor and the flow volume Voz gives the speci- 
fic compressor power Pa spez’ 


In order to estimate the economic factors, along with the 
energy costs the following criteria are important: 


Investment and depreciation 
Installation 
Space usage 


Servicing and maintenance 
Additional equipment 


oo a © 


Important criteria for the choice of a suitable compressor 
are: 


O Working pressure pp 


O Volume V 

O Type of compressed air: oil free 
lubricated 

O Pattern of usage 


Depending on these points, the compressor installation is 
chosen according to: 


O Construction — reciprocating 
— rotary 

— turbine 

— unlubricated 


~— oil lubrication 


O Lubrication 


— oil injection 
Type — single stage 
— multi stage 
Cooling — air cooled 
— water cooled 
— intercooler 
— oil injection 
O Filtering — intake filter 
— compressed air filter 
— oil filter, oil separator 
O Control — control of rotation speed 
— overflow control 
— suction pressure control 
— intermittent control 
— idling control 
— backflow control 
g OU N AY ow E N 
Bidp 41! Pino, R RES ES (pa "y 
°o 2 Raja Ghas hte 
‘Divap afar Ani KA Rn Pond 


33 


Compressed Air as an Energy Source : Generation, Preparation, Distribution 


3.4 Generation of Compressed Air: 
Types of Compressors 







Displacement machines 


Reciprocating oT ETE 





Piston Compressors 
Diaphagn Compressors 







Rotary Piston Compressors 
- | 
Sliding Vane Compressors 
Screw-type Compressors 
Roots Compressors 


Turbo Compressors 













Radial-Flow Compressors 


Ree rlow Compressors 


Compressors can be divided into two main groups: 


O Displacement Principle 


With this type of compressor, the intake airis compressed 
into a decreasing volume to obtain the output pressure. 


O Dynamic Compressors 

(T urbo-compressor) 
In compressors of this type, the intake air is accelerated 
by a turbine and the kinetic energy of the air is converted 
to pressure. 


Types and Properties 


1. Single Stage Reciprocating Compressor 


In a reciprocating compressor air is drawn in through the 
input valve during the intake stroke and compressed 
during the compression stroke, and after reaching the 
correct pressure, is expelled through the exhaust valve. 


Reciprocating compressors are widley used. They are 
very safe and reliable and are available in different ver- 
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sions with different pressure ranges and volume flows. As 
single stage compression at high pressure causes very 
great heat losses, these compressors are only econo- 
mica! for pressures of 8-10 bar for small deliveries, or up 
to 4 bar for larger deliveries. 


2. Multiple-Stage Reciprocating Compressors 


In multiple-stage compressors a smaller pressure diffe- 
rence per stage is chosen, and the air is cooled between 
stages. This improves the efficiency at higher pressures. 
































3. Screw-type Compressor 


Screw-type compressors are rotary compressors with 
two shafts. They work according to the displacement prin- 
ciple and deliver a continuous supply with no pulsations 
or pressure fluctuations. As there are no intake or 
exhaust valves, these compressors need little mainte- 
nance, are compact, and allow a high rotary speed, their 
power dissipation, however, being higher than that of 
reciprocating compressors. Screw-type compressors 
can be built as non-lubricated devices for the supply of oil- 
free compressed air, or more usually, with oil injection for 
lubrication, sealing and cooling. 


maya 


titted 
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4, Sliding Vane Compressors 


These are single shaft rotary compressors which work 
according to the displacement principle. Intake and 
exhaust occur via the sliding vanes of an eccentrically- 
mounted rotor which decrease the volume of the com- 
pression chamber from intake to exhaust. This principle 
allows a straightforward design, a large number of power 
strokes, and hence an output with few pulsations. Oil 
injection is used for lubrication. 





5: Roots Compressor 


Roots compressors operate without internal compres- 
sion, the pressure being generated by pumping against a 
resistance. Only low pressures can be attained by this 
principle. By using synchronous gearing, it is possible for 
the rotors to operate without contact, thus removing the 
need for lubrications. Roots compressors are used 
mainly for pneumatic conveying. 





TONNY ENTERPRISES (Play 


411 Panorama Cente 


6. Axial Flow Compressors 


Axial flow compressors are turbines in which the air is 
accelerated to a high speed by rotors. In the final stage 
the air is passed through a diffuser and the kinetic energy 
is converted into pressure. Axial flow compressors are 
built to supply large volumes of air. As the pressure in 
each stage is minimal, it is necessary to connect a num- 
ber of stages (up to 24) in series to reach high pressures. 





7. Radial Flow Compressors 


As with axial flow compressors, radial flow compressors 
are turbines in which kinetic energy is converted into 
pressure. The intake is axial, with the air direction being 
changed and exhausted radially. Radial compressors 
are likewise built for the supply of large volumes of air, 
require little maintenance and need several stages to 
reach higher pressures. 





Bldg No 2 Raja Ghaz nfar wi Kh pn ule. 
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3.5 Drying Compressed Air 


Air always contains water vapour. This vapour is sucked 
in by the compressor and is found in concentrated form in 
the compressed air. The dew point is used as a measure 
of the amount of water vapour. For compressed air, the 
pressure dew point is used. The ability of the air to absorb 
water vapour depends on the temperature, which thus 
determines the amount of condensation. 


Removal of Water from Compressed Air 


Condensed water can be removed from the air by filters 
(drains) for which a good drainage system is necessary. 
A filter cannot, however, remove the water |vapour. A 
dryer is necessary for this. 


Removal of Water Vapour from Compressed Air 


Depending|on the drying method used and on the dew 
point attained, the costs for the pressurised aif can incre- 
ase by 10% to 20%. A good drying method suited to the 
operating conditions is indispensible for the troublefree 
operation of compressed air equipment. Common drying 
methods are as follows: 


1. Drying by Cooling 
By this method cooling the compressed air causes water 


to condense. In practice, the pressure dew point can 
reach +2 °C to +5 °C. 





Cold Drying Principle 
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2. Drying by Adsorbtion 


This method uses drying materials which remove the 
water vapour from the air by physical means (capillary 
effect) The water can be regenerated by exposing the 
materials to warm air. A pressure dew point of —20 °C to 
—90 °C can be reached with this method. 









































Principle of an Adsorbtion Dryer 


3. Drying by Adsorbtion 


By using salts water vapour is chemically bonded. The 
pressure dew point can reach +10 °C with this method. 


4. Supercompression 


When compressed air is fully or partly expanded, the 
pressure dew point is lowered. 
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3.6 Compressed Air Supply Installations 


Outline: Stages, Function, Symbols 


Distri- Pre- 


Storage 


Drying 


oO) 
Cc 
= 
ey) 
= 
UU. 


Cooling 


Compressor 


Input, 


bution paration 


Filtering 





3./ Compressed Air Piping Networks 


(Excerpts from manufacturers docu- 
mentation and series of seminars.) 


pipe length in m 
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3.8 Compressed Air Preparation 


Maintenance equipment 


1. Filters 





These are used to remove solid and liquid impurities (dirt, 
water, oil). 


Filtering is performed in two stages. A preliminary sepa- 
ration is achieved by rotation of the air, produced by baf- 
fles at the entrance and by centrifugal force. Fine separa- 
tion is achieved by use of filters. 


Maintenance Instructions 


O Check amount of condensate 
O Clean or change filter 


2. Sie re Regulators 
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A pressure regulator is used to keep the pressure in the 
equipment constant. 


This can only be achieved if the control pressure (secon- 
dary pressure) is lower than the lowest supply pressure 
(primary pressure). 


A regulator can reduce, but not increase, the pressure. 


3. Lubricator 








The purpose of an oiler is to lubricate control devices and 
actuators. 


Oil is added by means of a Standpipe and is dropped into 
the high velocity air stream where it is atomised. 





Maintenance Instructions 


O Check oil level 
O Control oil feed 


Preparation of Compressed Air 
Combination Unit 
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Example of Catalogue Specification 
Flow rate at 6 bar (Ap approx. 0,3 bar) 





Three piece design (section view) 


Oil capacity Filter porosity Regulation range 
cl Mikron bar 
100 50 


0,5 to 10 


Filters, regulators and possibly lubricators are usually 
connected in series with an installation to pre-process the 
air. 


This is only necessary, however, when the air is not cen- 
trally prepared to a sufficiently high quality. 





A combination unit must be compatible with the con- 
sumption of compressed air. 


10.1 ee 





gsONRY ENTERPRISES (PAW) 
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Two piece design 


A three piece design consists of filter, regulator and lubri- 
cator as single units, as opposed to a two piece design, 
where the filter and regulator are combined. 


Filter Regulator Oiler 
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Notes 
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4. Pneumatic Drives 


4.1 Outline 


Essential criteria for the evaluation and selection of a 
drive are: 


O Type of motion: rotary - linear 
Direction of motion - reversal 
Rotational speed 

Torque - force range 
Operating power 


Uniformity of force and velocity 


O0000 0 


Features relating to internal and externa! environ- 
mental influences 


Ergonomic aspects 


U 


cOoONBY EWMTERPR ‘SES (PA WY 
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Pneumatic Drives 


Pneumatic drives convert the energy of pressure into 
mechanical work (pressure and volume into force and 
motion). 


Depending on the type of motion and the area of applica- 
tion, we differentiate between the following: 


O Linear drives 
Rotary drives 


Tools 


O 
O Pneumatic components 
O 
O Lifting devices 


Features of compressed air devices: 

Unlimited duty cycle 

Favourable power to weight ratio 

Small dimensions 

Complete overload-proof 

Simple reversing 

Simple and smooth control of force and speed 
Complete explosion proof 


No self-heating 


Insensitive to environmental influences e.g. moi- 
sture, heat, etc. 


OVO COCO? 


Compressed Air Devices 


turning motion 
Drill 


rotary motion 

O Rotating piston motor 

O Reciprocating piston motor 
© Radial piston motor 

© Toothed wheal motor 

© Turbine 

linear motion 

Single acting cylinder 
Diaphragm cylinder 
Bellows 


Grinder 


Saw 
Nibbler 
Guillotine 


OO00000 


striking motion 
Double acting cylinder O Hammer 
Double acting cylinder O Chisel 
double piston rod O Riveter 
Double acting cylinder © Engraver 
without piston rod O Nail driver 
Multi-position cylinder 

Tandem cylinder 

Cable cylinder 

Rotary actuator 

Impact cylinder 

Telescopic cylinder 


O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 


Screw cutter 


Screwdriver 


Hydro-pneumatic feed units 
Clamp 

Belt feed 

Rotary transfer table 

Drill 

Tapping machine 

Multiple screw driver 


OO0O0000 





44 





Pneumatic Drives 


4.2 Pneumatic Cylinder 
Types 


1. Single Acting Cylinder 








Compressed air exerts a force in one direction, the force 
in the other direction coming from a spring or an external 
source. 


Features 
O Air consumption only when in motion 
O Wellidefined position, even without energy 


O Reduced forward force (ca. 10% due to effect of 
spring 

O Larger overall length 

O Limited stroke 


O Low return force 
(ca. 10% of forward force) 


O Spring is additional replacement part 


Areas of Application 


Wherever a force is needed in one direction only and 
where the return stroke is unimpeded and unloaded. 


Also in areas where, for safety reasons, a defined posi- 
tion must be taken up in the event of a power failure. 


Examples of use: 


Clamping, actuating of flaps, ejection, etc. 
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2. Double Acting Cylinder 























Force is exerted in both directions by compressed air. 


Features 
> Forward forces exist in both directions 


O Return force reduced by pressure times piston rod 
area 


O Different suspension distances in instroked and 
outstroked positions 


O No lateral loading of the piston rod possible 


O Piston rod diameter small to allow a sufficiently 
large return force 
Simple construction 

O Favourable properties 


Areas of Application 


Wherever linear motion with small and medium forces is 
required and where work is to be performed in both direc- 
tions. 


Clamping, processing, feeding, sorting, assembling, for- 
ming, pressing, punching, bending, shaking, opening 
and closing of flaps, lifting, lowering and slewing. 


3. Diaphragm Cylinder 


Due to the method of construction, these cylinders are 
very short. The single acting version is normally used. 





Properties 


O Simple construction 


O Small dimensions with large forces 
(to approx. 25 000 N) 


O Limited stroke (ca. 60 mm) 


O Simple installation 
. Inexpensive 


Application Areas 
Clamping, bending, punching, ejecting etc. 


4. Bellows Cylinder 


These have no moving parts and are maintenance free. 


Pneumatic Drives 


Properties 

End strokes limited by external limit stops 
No air or spring return 

Force varies with the stroke 


Limited stroke 
Inclination of the end plates by up to 15° possible 


Gy oO 2 


Application Areas 


Lifting platforms, lifting tables, 
clamping devices transporting devices, 
roller pressure, etc. 


5. Cylinder with Piston Rod Brake 


A mechanical brake can be used to stop a piston in a sta- 
ble intermediate position. 





Properties 


O Mechanical locking in any intermediate position 


O Holding force higher than the maximum pneumatic 
force 


Application Areas 


For security reasons, wherever a cylinder has to be held 
in a stable position. 


ZQN NY ENTERPRYIg 
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Pneumatic Drives 


6. Double Acting Cylinder with 
Double Piston Rod 


This cylinder offers the possibility of performing work from 
both sides. u he guidance of the piston is improved by the 
two bearings. 





Properties 
O Possibility of working from both sides 
Constant bearing separation 


Low lateral loading possible 


Equal piston area on both sides giving the same 
force in both directions 


OO O 


Application Areas 


With lateral loading; when equal forces are required in 
both directions; holding against back pressure; mounting 
of signal elements on the rear; etc. 


7. Cylinder Without Piston Rod 


These cylinders are used when there is a danger of the 
piston rod buckling because of large strokes. 


Application Areas 

Where large strokes are needed and limited mounting 
space is ayailable, e.g. insertion, displacing, opening, 
closing, lifting, door operation, transporting, feeding of 
parts. 


a 





Versions 
a) With slotted cylinder tube and lateral force delivery 


O Piston fastening can take high torques and high 
transverse forces 


O Good guidance over the whole stroke 


O Equal piston area on both sides giving same force 
in both directions | 





b) With force transmission using a magnet 


O Transmission of force limited by the magnetic 
force 


O Closed system, therefore protected 





© 
‘om 


With cable or belt as piston rod 
Piston rod replaced by cable or belt 
short overall length 

No buckling 

Large strokes possible 


Oo oo © 


Sealing is critical 








8. Multiposition Cylinder 


In order to attain a number of stable positions two or more 
cylinders are combined. 





Properties 


O With n cylinders with different strokes, 2" posi- 
tions can be attained 


Application Areas 


sorting, points operation, movement of flaps, movement 
of stops etc. 


9. Tandem Cylinder 


This cylinder unit consists of two double acting mechani- 
cally coupled cylinders. 


== 
TT 


lle 








Properties 
O Large force with small diameter 
Large overall length 


Small strokes only 


OC oO 


4 ports 


Pneumatic Drives 


Application Areas 


Compressed air devices with small strokes and large for- 
ces e.g. nail drivers, special machines where the diame- 
ter is limited by the space available. 


10. Impact Cylinder 


The impact cylinder makes use of the kinetic energy, in 
addition to the pressure energy. The piston is greatly 
accelerated by the admission of compressed air from an 
additional reservoir. 





Properties 
O Additional compressed air reservoir for high 
speeds 


O Conversion of the kinetic energy possible over a 
short distance only 


Application Areas 


In pneumatic presses, flanging, stamping, embossing, 
perforating, cutting, riveting etc. 


FONWYVY ERTERPRISES (PAY) 


; ; 4't p eArama ante 
11. Telescopic Cylinders , 


Consist of several nested cylinders. 





Properties 


O Short length and long stroke 


O Larger diameter for large forces 
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Pneumatic Drives 


Application Areas 


Where large strokes with a short overall length is required 
(Seldom in pneumatics). 


12. Rotary Drives (Rotary Actuators) 


Transform the linear motion of a double acting cylinder 
into rotary motion. The angle of rotation is limited. 








Properties 


O Linear motion is converted into rotary motion 
O Limited range of rotation 


Application Areas 


Rotating and turning workpieces; operation of valves for 
e.g. water, gases, chemicals; bending, etc. 


13. Hydro-Pneumatic Feed Unit 


Because of the compressibility of air, itis not possible with 
pneumatic cylinders to obtain a constant feeding speed 
with varying loads. By including a hydraulic circuit, it is 
possible to stabilise both the speed and stopsiin interme- 
diate positions. 
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Properties 











O A piston pressurized by air displaces the hydraulic 
fluid | 


O The hydraulic circuit can be altered by an adjusta- 
ble choke 


O A stable stop can be achieved by use of the cut-off 
valve in the hydraulic circuit 


Application Areas 














Wherever constant speeds and exact stops iin intermedi- 
ate positions are necessary, and where the application 
does not justify the use of complex hydraulics. 


4.3 Pneumatic Cylinders 
Construction 


Construction and Construction Types 


Depending on the method of construction, we can distin- 
guish between: 


O Cylinder with screwed cylinder tube 
O Cylinder with crimped cylinder tube 


O Cylinder with tie rod 
O Cylinder with welded or riveted cylinder tube 


Other features are: 
O End cushioning 
O Type of fastening 
O Size 

O load capacity - permissible pressure 
O Type of seal 


For special applications other versions are manufactu- 
red: 


O Corrosion proof version 


O Heat resistant version 
(to 200 °C and over) 


O Cylinders for high pressure 
(to 200 bar and more) 
O Reinforced piston rods (buckling) 


O Acid resistant cylinders 
(plastic coated and special steels) 
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Main componenis: 








1. Cylinder tube 


2. Front cover 


3. Rear cover 
4. Piston 


5.Piston seal (gasket) 
6. Piston rod 
7. Guide bush 


8. Piston rod seal 
9. Rod wiper 


Wearing components 


O 
O 


O 
QO 


piston seals 
guide bush 


piston rod seal 
rod wiper 


Mounting possibilities for Pneumatic Cylinders 





Because of their design, pneumatic cylinders can only 
take axial forces. This can be achieved by: 


O External guides 
O Compensating guides 


O Trunnion mounting 


Common Mounting Versions 
1. Foot mounting 

2. Rear flange mounting 

3. Front flange mounting 

4. Rear trunnion mounting 


5. Centre trunnion mounting 
6. Front trunnion mounting 


4.4 Pneumatic Cylinder: 
End Cushioning 


1. Cushioning piston 
2. Throttle 
3. Check valve 





Moving masses possess kinetic energy, which must be 
converted during braking. 


eOnNWYe ENTERPRISES (PA Y¥., amount of kinetic energy can be calculated from 


41} Ponorama ° enter 


"* 4 Chazy nf r 7 


Wi. atemeV 
cin 2 
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To achieve smooth braking, internal and external cushio- 4.5 Pneumatic Cylinders 
ning ail can be used. Types of Seal 


Single endetd 3 
without adjustment 








External Cushioning 
Pneumatic by switching chokes into the exhaust A. La a rey Quadring 
By means of mechanical cushioning elements 
By using hydraulic shock absorbers 


By means of proportional valves 
By positioning units 


UO 2. ¢ © 


Internal Cushioning 


O Mechanical by in-built cushioning elements Cup seal 
O Pneumatic by pressure build up 


Internal Pneumatic End Cushioning 





The cushioning is achieved by the build up of pressure in 
the chamber sealed by the cushioning piston. The choke 
setting and the piston speed influence the pressure build 


up and hence the cushioning ability. 
ma Inserted 
An additional check valve is usually added to avoid star- cup seal 


ting from the cushioning region in the return direction with 
a reduced piston area. 


As the cushioning distance is limited, the amount of cus- 
hioning is also limited. 





cabal | Values for Cushioning Ability 


These values are guidelines and differ from manufacturer 
to manufacturer. 


Cylinder i 

| diametermm 100 | 160 | 200 
| Cushioning | 

capacity (Joule) = | 7 | 14 100 | 270 | 440 | 7 a Double 


piston cup 


Piston cup 
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4.6 Pneumatic Cylinders 
Characteristic Data and Dimensioning 


Cylinders are built in various sizes and versions. 


Their characteristic data are given by: 
O Piston diameter 

O Piston rod diameter 

O Stroke 


Pneumatic Force 
This results from the pressure on the effective piston 
area. 


Opposing this force are: 
O Friction (ca. 10%) 
O Opposing pressure 
O Flow losses 

O Loading 


Theoretical Forces in a Double Acting Cylinder 
Pneumatic force 





Fi= peA,=pe 


Pneumatic Drives 


Example 





Piston diameter q,: 80 mm 

Piston rod diameter dy: 22 mm 
Stroke h: 500 mm 
Residual volume Vy: 30 cm? 
Working pressure py: 6 bar 
Strokes per minute _n: 20 min~! 
Temperature 7,: 30 °C 4303 K 


Theoretical forces and air consumption V, in a double 
acting cylinder 


2 
N .8*8cm °x 


= 3016 N 








4 
2 
: 644,84) cm *z 
Opposing force F. = Pp °An = 60 — Picasa ca MLB = 2788 N 
cm 4 
(d,*-d,*)en 
F_=- peA = pe ° 
R R 4 VB vor =A, 2+ V5) en 
Air consumption P 5 1 
»= (50,3 cm” * 50cm + 30 cm) 20 —— 
min 
. : 3 
Va= Arh+Vijen 7.0000 = Boo 
B vor min min 
Yn vot at 
0” 6B — ° ° 
Po 1, Vezurack = ‘Ap h+V,) : 
CONWY EN TERPRISFS /PAYY 5 3 1 
F, : Pneumatic force nus = 1= (46,4 cm’ * 50 cm + 30 cm’) © 20 eae 
F, : Return force : 3 
A, : Piston area Vezuruck = 4/7 000 <a = 47 — 
vo° min min 
A, : Annulus area 
Ac, : Piston rod area 
d, : Piston diameter pf Ly ; _ tl 
: “aGes= B vor t Yezurtick = 979 min 
d, : Piston rod diameter 
h : Stroke p, T 
n _: Number of strokes per minute V. _V pee gee 
V, : Additional volume (residual volume) ae Pee eg. 
p, : Effective Pressure (working pressure) 
Py : Atmospheric pressure V _979 L ,Sbar , 293K _ 568 L 
° 0Ges “min bar 303K min 


Va : Volume referred to working pressure 


V, : Volume referred to 20 °C, 1 bar 
Tg : Reference temperature (293 K = 20 °C) 
T, : Operating temperature (K) 
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Loading (after Euler) 





~/ 
<= 
@ — 
xe) ® 
£ 2 
~ Oo 
O FF 
fan ‘come 
> § 
££ Ff 
‘ ~ 2. 
oO Oo 
oO 
© 
_ 


4.7 Bu 


Type 1 Cylinder firmly clamped, load free 


Type 2 Cylinder and load articulated 


Type 3 Cylinder firmly clamped, 


load articulated 
Type 4 Cylinder and load firmly clamped 


Calculation of Buckling 





©) 
= 
fmt 
Cc 
= 5 
ee 
iS) E 
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° y & 
o o 
= La] xs 
= = re) 
— oO = he wT 
oC = — or] c 
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oO) w ~§ CF in ' 
cc Sk = Oo Oo Pn Oo 
© 82= 555 = #28 
Cc mn ~e 2 it 2] ono 
= o£ op 2 @ fA \ 
a — —_ w 
21a a) | @ 2 Cc 2 © — 
e 14) O > = oO O = => 
wu 2 oS 6 6 2° 3 gg 95 2 
0% = &) rab) nie « o ow ~ © 
& wn eid a > a» nd cw W a. 
R t.,| © = £€ Ss. 29 W@W PVE = F 
/ - S > so FE £€ © S$ DD os 
, | Ss oy 6 © BEC oa 
r- ] i CN =— © = gO —_ — 
ele 3 geee 
wd Y ase og = - 7 
WwW lw S Gb MN «a J Ww OO 


a) 





the piston rod of a cylinder buckling can 





son 
occur. A check can be made b 


lf a force act 


y using the manufacturer's 


data or by calculation. Buckling should only be allowed to 


g 


occur in the elastic re 


3 


gion. 


3 


wT 





a 
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y 2& ca 
Oo > Oe 
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c=) 

= 

u O 0 


Diameter of the piston rod 


O 
O 


= 


T= 


Length of the piston rod 


= 
8] 
5 
£ 
2 
3 
a 
w 
= 
oO. 
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4.8 Exercises: Cylinder efficiency 7 = 0,9 
Pneumatic Cylinders Necessary force: 
F 
v1 950N 
Fy= 7 “09° 1 055 N 


Piston area and piston diameter 
F 


= >= 1055N = = 21.10m 
50 —— 
cm 


[4 
d= *« = 52cm= 52mm 
rm 


Chosen from catalogue: cylinder with piston diameter 
63 mm. 





1. A double acting cylinder has a piston diameter of 80 
mm and a piston rod diameter of 25 mm. The working 
pressure is 6 bar. 


What is the theoretical piston force during the out- 
stroke and the instroke? 


2. Apneumatic cylinder must lift a 48 kg load 1 metre ver- 
tically. 


What piston diameter would be needed with a maxi- 
mum working pressure of 5 bar? 
TONRY ENTERPRISES /PA Wy 
Solution example 1 411 P-norama Cante 
Bldg No 2 Raja Ghaz.nfar wi Kh n Rou 





; d, Pen 50.3 om? SADFIAR KARACHI 
= = cm 
K i 
9= — = 45,4 en? 
4 





N 2 
F= prA.= 60 i: °©50,3cm = 3018N 





N 5 °45,4 cm? = 2724N 
cm 


Fo= p°A,= 60 


Solution example 2 


Necessary force: F,,=Fa+ Fay 


Gravitational force: 
F,=meg=48kg*9,81me*s*=470N 


Accelerating force: 
Fr,=mea=48kge10mes*=480N 


Necessary force: F,, =950N 


oT 
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4.9 Double Acting Cylinders 32 to 320 Dia. 


Tabh s of Piston Force and Air Consumption 


Effective piston force F,, and F; in daN (kp) at end of stroke 
Air a Gp uand gz in Ni/cm cylinder stroke 


Piston dia. a piston area A Working pressure in bar 
for. ) 








ae yy | a a | ac Sc | oc | 

oe a ene ee ee A Ce 
} Bm GOn el Eom oe lee 
ta es ee eee is 5 | (LC [TCO 
8 
nee en 
| Eaton (aes aa 


> Fete 
7 | # | «| ace ee er 
a 


iin mm 
=r 


| 
ee 
fo | 
























fected 
—[raows [Pee eee | oase|oare [ones | oare [oars [oer [a 


[ee 

I [oer [4 [ase | asad [ 700 [ores | ao 
i ea re 
RS RS a FE POE OS ce EST Ce EES 
(3 (SS EL es LE (62S 2 ee 
a 
eee 

2 


















| | 9347 | oz | 0576 | 0604 | 0,809 | 0925 | 104 | 1156 | 1.272 | 
a Tse [te [| see a8 | 
| % [| o4ce |] 0603 [0804 [1.005 [4.206 | : Lie || 2a) || ean | 
a 
eS Se ee eee 
| ee eS ee ee 
mee [eee [ome | ase [var | eee] ace | | 2.826) | 3a6e_| 
re ame [eo [water res ener | ae [2] 
a | 2039 op 206 [e082 | 2at2 [2713 | 3014 | a.sie 
TF | 5 || se | va | tooo, | eva | _ceco | oan | coco | aos | aoe 

















| 0961 || 1473 | 1964 | 2485) | 2946 | 3437 | ae28 | 44a | 491 | 5.401 | 
) DSS ESL Ge Sea 2 CE ee Se eee eee) 
| % | 0.942] [171413] 1.9847 2.385) | 2926 3.ze7 | 3768 || 4.29005] 4.745.181) | 











fe aS ar 0 Cee ne eee 
ae See beste ey 
F = Piston me. F in daN (kp) Piston force F-: 
| 
p =Working pressure in bar Per 
D = Piston diameter in cm Push (outstroke) Foe 7 PF R 
qd =Piston rod| diameter | incm 
R = Friction force in daN (kp) a 
Q_ = Air consumption in NL/min Pull (instroke) Fi= (7 -f)-—ep-R 
4 
H = Stroke in cm 
do = Alr consu nption per cm stroke tn the direction outstroke in|NL 
qz = Air consumption per cm stroke in the direction instroke in NL Air consumption @: Q= He (dy + gz) * nin NL/min 
n  =Number of double strokes per minute (per double stroke. in- and out-stroke) 
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4.10 Motion of 
Pneumatic Cylinders 


Cylinders convert pressure energy into forces and motion. A 
direct relationship exists here between the loading and the 
attainable speed. 





Influencing Factors 


O Supply pressure p,, and piston area A, 
Exhaust pressure pp and piston area A, 
Internal frictional forces F,, 


Flow resistances 


External forces/load Fe 


Coo © © 


Acceleration force eo 





Pressure Changes 
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Quantities 

Prax: Max. working pressure 

P, : Supply pressure 

Pr : Exhaust pressure 

ty : Switching time 

t, : Start of motion 

to : End of acceleration phase 
t, : End of motion 

F : Load 

V : Speed 

F : Maximum load corresponds to the maximum cylinder 


force at speed v=0 
: Maximum attainable cylinder speed with load F = 0 
and corresponding port sizes 





Cylinder Characteristics 


Measures for Influencing the Speed 


O 


low loading er ENTERPRISES? 
expanding fhe’ port size 


eauiaia 411 Poooremea &eat™ 
BHI owe wo 2 Raja Ghazanfar vet Khag 


high loading SADDAR KARACHI 
increasing the pressure 
larger cylinders 


Fundamental! data 


O 


O 


Maximum force F: Theoretical forward force 
minus friction at working pressure 


Unloaded speed: Dependent on the port sizes 
and the operating pressure 
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Example 
Double acting cylinder to ISO 6431 


4.11 Pneumatic Cylinder: 
Data sheet 


Technical Data: 


working pressure max. 10 bar 

ambiente temperature —25 bis +80 °C 

high temperature seals on request 

fluid air 

standard strokes 25, 50, 80, 100 
125, 160, 200, 250 
300, 400, 500 


522 165 0./0/100 
Code No. / Stroke 


ordering example 








Tube: steel 
Piston rod: 
Stainiess Steel 


Tube: steel 
Piston rod: 
Mild Steel 


Port 


thread 


12 
18 
18 
22 


80 2 


2 
30 


G 3/8 | 
G 3/8 


G 1/2 


G34 | 


G 3/4 


* Larger strokes on request 









M16x1,5 
M16x 1,5 
M20 x 1,5 
M20 x 1,5 
M27x2 
M 36 x2 
M36 x2 





G1/2 | 


522 1650.. 


522 1750.. 
522 1850.. 
522 1950.. 


522 205 0 


522 2150 


. 


522 2850.. 
522 235 0.. 
922 2450.. 










522 166 5.. 





922 1765.. 
522 1865.. 


52251 96(5Ee 


522 206 5 





: ..0 

| Piston rod: steel 

| hard chromed 
.O 


922 2165 


o22 2865.. 
522 236 5. 
522 2465.. 





Le eee 


FDO0OO AAR DROW 


bea ——— Fo a a a 
——— + — ne 
r ————— = i i 
(rr ytd a alah ah il ae ~ 
_—_——_——_——_——_———————_————_———__——————————— 


335 


540 | 
) | 835 | 
.0 1980 

0 3120 






S77 


Bee aes 













55 32 G 3/4 
55| 321G 3/4 
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4.12 Compressed Air Motors O Easy maintenance 
Simplest continuous control of speed and torque 


O 


Compressed air motors convert pressure energy into 


mechanical work in the form of rotary motion. O Simple reversing and immediate change of direc- 


tion possible 


Characteristic data for rotary motion are: O Compact construction, favourable power to weight 
ratio 
2 TOUS MA = My eQule) QO Can be operated with other media 


Rotational speed n (min"!) 


Angular velocity « (s"!) 
Power P (Watt) 


OO O 


Comparison Data for Various Motor Types 


Power/ Weight Power/ Volume 


Rotary piston motors 


Reciprocating piston motors 
Hydraulic motors 

Electric motors 

Diesel motors 





geONNY ENTERPRISES /PAY¥) 
4'}] P-sanrama Centr 

: 2) Ridg *o 2 Ruja Ghazenfar wi Kh n vod 
SaADPAR KARACHI 


a) Air motor, 1 rotational direction 
b) Air motor, reversible 


Properties and Application Areas 


Compressed air motors have the same properties as 
other compressed air devices, in many cases allowing an 
economical and technically optimal use. 


O Full overloading to standstill allowed 
Unlimited duty cycle 
Complete explosion proof 


No self heating 


oo 8 © 


Insensitive to environmental influences, e.g. dust, 
moisture, humidity, sturdy 
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4.13 Types of Compressed Air 
mie Selection Criteria 


Vane type Toothed 


motor wheel motor 


Piston seh: 


Radial 
piston 


crank 


otor 





Turbine Weer. 





| 
Characteristic Curve of a Compressed Air Motor 
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Essential criteria when choosing an air motor are: 


Required torque under load and on starting 





Rotational speed with appropirate load 
Required power 

Required uniformity 

Permitted speed deviation on variation of load 


Air consumption, operating costs, efficiency 


OC OC OC? CQ 


Ergonomic effects: permissible contamination of 
the environment by noise and fumes 


O Environmental influences: dust, moisture, heat, 
radiation, danger of explosion 


O Amount and quality of compressed air 
O Maintenance and servicing 





A motor suitable for a specific application should be cho- 
sen with reference to the above criteria and the properties 
of the individual motor type. 


Because of the properties of compressed air as an 
energy source, compressed air motors have a character- 
istic behaviour as shown by the curve. 





These motor characteristics show the dependence on 
the rotary speed of: 


O Torque M 


@. Power P 
O Possibly the specific consumption of air 





Dimensions Used: 
Ny : Rated speed 
Ng : Idling speed 
My, : Rated torque 
M, : Starting torque 
My : Stalling torque 
PN : Rated power 


4.14 Vane Type Air Motors 





Components: Cylinder, Casing (1); Rotor (2); Blades (3) 


Regulation 





Centrifugal force weights (a); Air inlet (b) 


O 
CONWY ENTERPRISES (PA) 


411 Panorama Cente: 


Bidp No 2B ja Ghazenfar ve Kh o vod 


LaADIPAR KARACHI 
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Characteristics of a Regulated Motor 


Funktion 


Compressed air acts on the blade area, generating a 
force which causes the rotor to rotate. Because of the 
eccentric mounting of the rotor, sickle-shaped chambers 
are formed in which the air is partially expanded. This 
expansion is also utilized. 


The sealing of the blades against the casing wall is helped 
by the centrifugal forces, and during starting by undercur- 
rent and possibly by use of springs. 


The number of blades affects the efficiency, the starting 
behaviour and the smoothness of the motion. 3 - 5 are 
usual, in special cases up to 10. 


Properties 


O Types for: 
Clockwise rotation 
Anti-clockwise rotation 
Reversible motion 


O Very favourable power to weight ratio and small 
size 


Leakage cannot be completely avoided, which lim- 
its the efficiency 


Low maintenance requirements, reliable 
O Must always be properly lubricated 


Power range: ca. 50 W - 20 kW 
Speed range: ca. 200 - 80 000 Rpm 


5/7 
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Application Areas 


Compressed air tools, hoists, stirrers, special machines 
etc. 


To simplify the adaption to specific applications, further 
components can be added: 


Gears 


These reduce the high rotary speed to the operational 
requirements. 


Planet gears are mainly used. 


Regulation 
Limits the ik speed of the motor and allows: 


O Lower idling speed with the same rated speed 
O Smailer changes in speed with varying |load 


4.15 Compressed Air Motors: 


Construction Types 


1. Compressed Air Piston Motor 


In piston motors the pressure energy is first converted by 
the piston to linear motion. By mechanical means, this is 
then converted to rotary motion. 


Depending on the way the linear motion is converted to 
rotary motion, we can distinguish between: 


O star type radial piston motor - conversion by 
means of crankshaft 


O Radial piston motor with linkage - conversion by 
linkage 
O Axial piston motor - conversion by swash plate 


Properties 


Although individual motor types show variations, they all 
show the characteristic features of piston motors: 


Good starting properties 

High starting torque 

Low leakage when stationary as well as under load 
High torque over the entire speed range 

Simple reversing 

Control of air supply by rotary slide valve 

Large and heavy compared to rotary piston motors 


OOoOoOvu 00 0 


Low speed (speeds to ca. 5000 min!) 


08 


2. toothed Wheei Motor 


Function 


Compressed air acts on the teeth of both wheels, one of 
which is firmly fixed to the output shaft, the other idling 
freely. The rotational force is equal to the product of the 
pressure and the tooth profile area. 


Versions 

O Spur toothing 

O Helical gearing 

O Double helical gearing 


Spur-toothed Motors 


Motor with full admission 
Operation without using expansion 


Helical and double helical gearing motors 
Part of the expansion is used 


Properties 
O Simple construction 
O Very reliable in operation 


O Favourable power to weight ratio and small dimen- 
sions 


O High air consumption 


Power ranges up to ca. 70 kW 
With double helical gearing up to approx. 330 kW 


Speed range 
Slow speed motors ca. 1 000 - 3 000 min7! 


Application Areas 
Mining operations: conveyor drives, winches 


Chemical industry: drives for pumps and safety equip- 
ment 


Metal smelting: converter drives, mixers, lances, rotary 
towers, furnaces 
Heavy industry: Starter motors for diesel engines 


3. Turbine 
Function 


The kinetic energy of the air flow is converted to rotary 
motion. In common use are motors with one or two rotors 
and a stationary guide stator. Owing to the design tur- 
bines offer very high speeds with low torque when com- 
pared with rotating piston motors of the same size. 
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Properties 
O Simple construction, few moving parts 


O No friction (except in the bearings) therefore high 
reliability due to low wear 

QO High idling speeds, thus complex and highly 

stressed reducing gears for low speed applica- 

tions 

High leakage, therefore low efficieny 


Economical only in low power range 


Very low power to weight ratio (better than rotary 
piston motors) 


Speed range ca. 80 000 - 400 000 min”! 


O 000 


Application Areas 
High speed grinding, dental tools (drills) 


4. Screw Motor (Helical Motor) 


Function 


Inversion of the screw compressor with two screws. Not 
commonly used. 


Properties 


O Complex manufacture of the screws, especially in 
smaller versions 


O Synchromesh gears in non-lubricated versions 


4.16 Compressed Air Piston Motors 
Radial Piston Motors 


Function 


The movement of the pistons is converted to rotary 
motion by a crankshaft or a linkage. The number of cylin- 
ders lies between 4 and 6 (star motor). Air supply and 
exhaust is via rotary slide valves. 


Properties 
O Bulky compared to other types 
Power range: ca. 1 - 20 kW 


With linkage: to ca. 5,5 KW 
Speed range: ca. 100 - 4000 Rpm. 


OO O 


SUNY ERTER 


Application Areas 


Large hoists, drives for construction vehicles, drives for 
hydraulic equipment in civil engineering. 





Radial Piston Motor 


Reciprocating Piston Motor 


Function 


The linear motion of pistons (parallel to the axis of rota- 
tion) is converted to rotary motion by means of a swash 
plate. Air intake is controlled by a rotary slide valve. 


Properties 

O Smooth rotary operation, also in low speed range 
Vibration-free and quiet operation 

Very good speed control, also in low speed range 


O00 


Minimum leakage 


Canter, 
“Nr Chaz -nfor 443 
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O Compact compared to radial piston motor 
O Power range: 0,4 to 3 kW 
O Speed range: 70 to 5000 min"! 


Outline and Representation 









necirecsine Motor 


4.17 Pneumatic Drives 
Outline and Symbols 






single acting cylinder 


} 


Single acting cylinder 
external return 






Double acting cylinder 








Double acting cylinder 
without piston rod 


Pressure medium converter with 
pressure conversion 


| 
Air motor, unidirectional 


















Air motor, reversible 


Rotating drive (swivel drive) 








5. Pneumatic Control 
Elements: 
Directional Control Valves 


5.1 Control Elements: Valves 


Valves control and affect the flow of a pressure medium. 
They direct the pressure medium in measured amounts 
and at the right moment to the devices to be controlled. 
Different types are used depending on the requirements. 


Directional Control 
Valves 


control start, stop and direction 
of flow of the pressure medium. 
Check Valves block the flow in one direction, 
but allow unrestricted flow in the 
opposite direction 

Choke Valves affect the amount of pressure 
medium flowing through the 
system 

Pressure Valves either affect the pressure of the 
medium or are controlled by the 
pressure 





1: Choke (to regulate speed) — flow valve 

2: Check valve (to bypass choke) — isolating valve 

3: 3/2-directional control valve (to control flow direction of the 
pressure medium) — directional control valve 


Pneumatic Control Elements: Directional Control Valves 


5.2 Function and Representation 
of Directional Control Valves 


The function of a directional control valve is shown by gra- 
phical symbols to DIN/ISO 1219. 


Example: 
Control of the in- and outstroke of a single acting cylinder 
piston. 








Position "Instroke" 





Position "Outstroke" 
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Pneumatic Control Elements: Directional Control Valves 


To be able to control the in- and outstroke the valve used Home positions 
must allow the cylinder to be pressurized or the pressure 
to be cut off, thus allowing the pressure in the cylinder 
pipe to be reduced during the return stroke. 


O Normal position: Position of the valve with no exter- 
nal influencing force (valves with spring return). 





























O Initial position: Position of the valve as shown inthe 
The requirements for the valve are therefore: circuit diagram or the position the valve takes after 
the supply pressure is applied and the system is in 
Number of!necessary ports: 3 its initial setting. 
Cylinder port, supply port, exhaust O Middle position: Shows this position for 3-position 
valves. 


Number of necessary switching positions: 2 


1. “Instroke position" 
2. “Outstroke position" 


Designation: 
3/2 directional control valve, 3 ports, 2 positions 


2 positions 


The switching positions are represented by squares (rec- 
tangles), the number of positions being given by the num- 
ber of these squares. 


3 positions 


The ports on the valve are marked by lines representing 2/2 directional control vaive 


connecting pipes. 


4/2 directional control valve 


9.3 Graphical Symbols for 
Directional Control Valves 


proportional valve | 


Features 


O Number of switching positions 
= number of squares 4/3 directional control valve 


O Number of ports closed mid-position 


— number of port marks 
(Main ports only. No control ports are counted) 


O Graphical symbols with additional lines! 
= a“ adjustable valve 


threaded port 


unthreaded port 
Return piping 


O With pneumatic valves differentiation between 
exhaust connected to a pipe (threaded port) or 
vented to the atmosphere (unthreaded port). 


O With |hydraulic directional control valves, either 
tank piping or leakage piping is used. 


tank connection, hydraulic 


oil drainage, hydraulic 


HESes88eaqe 
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Port Designations Letters Digits 
Working ports A,B... 2,4... 
Supply port P 1 
Exhausi/tank piping R, S, T 3,5 
Hydraulic leakage ports L ~ 

Pilot ports X, Y,2 10, 12, 14 


5.4 Describing Directional Control 


Valves 
Graphic symbol 


P R 


Non-actuated status (normal position) 





Practical example 





Practical example 


Specification of a directional control valve 
Number of ports 

Number of switching positions 

Type of mid-position sealing 

Type of actuation 

Size 

Version 


OO 0 OG O © 


Description 
3 port 2 position directional control valve 
Cut-off — normal position 


Manually operated (push button) 
Spring return 


Actuation 


An actuator is needed to switch the valve from one posi- 
tion to another. 


This can be: 
O Manual (muscular force) 
Mechanical 


O 
O Pressure 
O Electricity 


5.5 Actuators for Directional 
Control Valves 









Manual, button 


Mushroom button 


Key switch 


Manual 
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rods 





Roller 
ay trip 


Spring 







Leaf spring 








Twin windings, 
direction 











Twin windings, 
ite direction 
















Solenoid actuated 


5.6 Function of 
Directional Control Valves 


Example: 


Control of a double-acting cylinder. 
In double-acting cylinders the pressure medium must 
produce a piston rod force in both directions. The valve. 
used must therefore allow a change of pressurization 
from one side of the cylinder to the other. It must also be 
possible to reduce the pressure on the opposite side of 
the cylinder chamber. The requirements of the valve to be 
used are therefore: | 


Demands on the valve used: 


O 4 ports A, B, P, R 
O 2 positions 


Designation 
4/2 directional control valve 
































Switching position "Instroke" 





Switching position "Outstroke" 
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Realisation 5.7 Types of directional control 

For the control of a double acting cylinder, a 4 port 2 posi- valves and their representation 
tion directional control valve is necessary. 

Because of their design, 5 port 2 position directional con- From the large number of types of directional control val- 
trol valves are also used in practice. ves, a few functions are frequently used. 


Differences between 4/2 and 5/2directiona! control 


valves: 2/2 directional control valve 


O 4 port 2 position DCV: One return pipe for both normally closed 


cylinder ports 


2/2 directional control valve 
normally open 


O 5 port 2 position DCV: Separate return pipe for 
each cylinder chamber. 


3/2 directional control valve 
Aj |B normally closed 


3/2 directional control valve 
RIIS normally open 


4/2 directional! control valve 


5/2 directional control valve 


4/3 directional control valve 
mid-position closed 


4/3 directional control vaive 
mid-position vented 





Example of practical design 


5/3 directional! control valve 
normally closed 


5/3 directional control valve 
mid-position vented 





Graphic symbol acc. to DIN ISO 1219 
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5.8 Exercises: Directional Control Valves 


Give the names of the directional control valves shown 
by the graphical symbols, and sketch the symbols for 
the valves described. 





3/2 directional control valve, 
normally open, push-button 
actuated, spring retum 

| 
4/2 directional control valve, 
double solenoid su 


l 


3/2 directional control valve, 
normally closed, roller actua- 
ted, spring return 


5/2 directional! control vaive, 
double solenoid actuated 


4/2 directional control valve, 
roller actuated, spring return 


4/3 directional contnol valve, 
air piloted, with sprit -cent- 
red sealed neutral position 





Figures below: non-complete (left) and completed 
(right) c's symbols of directional control valves 
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Practical Exercises 


1. The piston of a single acting cylinder should outstroke 
by means of a plunger-actuated valve. The release of 
the plunger should cause the immediate return of the 
piston to the initial position. 


2. In- and outstroking of a double acting cylinder is con- 
trolled by a manually operated valve. 


3. The piston of a double acting cylinder should out- 
stroke by actuating a plunger T, and instroke by actu- 
ating a second plunger To. 


4. The piston of a double acting cylinder should out- 
stroke by actuating a plunger and on reaching the front 
end position automatically return to the initial position. 








Solution case 1 


Solution case 4 


Solution case 2 


- ENTERPR! 
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5.9 Conversion of circuit diagram — 
practical design 


























Practical design 
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5.10 Types of Pneumatic 
Directional Control Valves 


The properties of pneumatic directional control valves 
are influenced by the type of valve and its individual char- 
acteristics. 


Significant differences are: 

O Construction type: poppet — sleeve 

O Type of control: direct actuated — piloted 
O Overlapping: with — without 


Type 

O Actuation — force, stroke, method 
O Tightness 

O Sensitivity 

O Lubrication-free operation 


a) Poppet valves — seat principle 


Poppet valves can be constructed to be absolutely tight, 
but need high actuating forces. They can switch quickly 
over short strokes, are insensitive to dirt, and can be con- 
tinuously operated without lubrication. 

Poppet valves have an exactly defined switching point at 
which they switch sharply. 





Pneumatic Control Elements: Directional Control Valves 


b) Slide valves - slide principle 


Slide valves are easy to produce, are compact and 
require low actuating forces. They have, however, longer 
switching strokes, their tightness is limited and they are 
more sensitive to dirt than poppet valves. They have the 
advantage, however, that the actuation can be from 
either side. 





5.11 Piloting of Pneumatic 
Directional Control Valves 


Piloted valves are not actuated directly but are controlled 
by a pilot valve. The main valve is actuated by the pres- 
sure of the medium to be controlled. 


The purpose is to reduce the actuating force. 


The piloting is applied e.g. in poppet valves with high actu- 
ating forces, as well as in solenoid valves to allow the use 
of smaller solenoid systems. 


Properties of piloted valves 
O lower actuating forces, also with larger diameters 


O longer switching times than with directly actuated 
valves 
a ania aaah ENTERPRISES /(PA¥Y 
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Control Elements: Directional Control Valves 


Pneumatic 





Description and designation 5.12 Design Features of Pneumatic 
3/2 directional control valve Directional Control Valves 


Normally closed 
Manually actuated, spring return Example: 3/2 directional control valve 
Piloted 











Overlapping 


The term overlapping describes the behaviour of the 
vaive during the switch-over phase. 


O Main valve: With overlapping during the switching 
phase A, P, R are connected. 


O _— Pilot valve: Without overlap. Connection of P to A 
after closing of R. 


( 
WAVY 
\ 


| 
i / 


7 


] 
fi 
1 

| 


h 


Air Return 


The return of a valve can be operated by a spring as well 
as by pneumatic pressure. When the return by pressure 
is integrated into the valve as a permanent feature, it is 
known as air return. 





Manual Override 


Pneumatically or electrically operated valves are often 
equipped with a manual override. Thus operation is also 
possible in cases where the control energy is not availa- 
ble. | 











SS — 


Example for manual override 


Valves with Differential Piston Actuation 


For valves pressurised on both sides, the control can be 
by pistons of equal or different sizes. 


> {Mp 


Graphic symbol 


5.13 Sizes of Pneumatic Valves 


Port thread 


BSP Major Metric Nominal dia. 
Pipe thread dia. (mm) (mm) 


M 5 
M10x1 
M14x1,5 
M18x1,5 
M 22 x 1,5 
M 26x 1,5 
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Example of flow data 
(average values of various makes) 


Port thread Flow (L/min) 


60- 180 
150— 400 
600 — 1200 

2000 — 4000 
4500 — 8500 









Set-up for measuring the nominal flow 


Sizes of Pneumatic Valves 


Important criteria for the selection and application of val- 
ves are: 

O Port size and nominal! diameter 

O Flow data 


Port Size and Nominal Diameter 
The port size is given by the thread size, normally as aBS 
pipe thread or a metric thread. 


The nominal diameter corresponds to the diameter of the 
minimum area through which the medium flows. 


Flow Data for Valves 

These permit a comparison of different devices as well as 
giving directions for practical use. 

These values are determined by measurement. 


Nominal Flow 


As the specifications nominal diameter/port thread are 
only reference values for the throughput of the valves, in 
practice the nominal flow or the kv value are also given. 
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Following a CETOP recommendation, flow diagrams are 
being increasingly used. 

The values must include exact specifications of the refe- 
rence quaniities. 


4 
a4. 
« 
OOM EMM, 
a | 
a 


Vw 
Yo 


Reference quantities are: 


Incoming pressure p, 
oudoh pressure pp 


Pressure drop Ap 


Temperature 7 
Measuring set-up 


Oro Oo oO © 


Nominal flow, measured with air 





Pei: § | 
Poo: 5 bar 
Ap: 1 bar 
i 20°C 
Nominal flow, measured with water 
Ap. 1 bar 
T: 15°C 


5.14 Types of Pneumatic 
Slide Valves 





The main features of slide valves are: 
O Construction types 
— spool 


— flat slide 
— ceramic flat slide 


O Sealing method 
— metallic sealing 


— soft sealing 
— flat slide sealing 





O Detent of piston 
— self friction 
— additional detent e.g. ball or spring 


— by means of gasket shape 
— by solenoid detent 
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5.15 Practical Types of 
Pneumatic Slide Valves 





3/2 directional control valve, normally closed, mechani- 
cally actuated, piloted, spring return, poppet valve, noi 
overlap free 





4/2 directional control valve, plunger actuated, spring 
return, sleeve valve 





3/2 directional control valve, normally closed, roller 
3/2 directional control valve, normally open, mechani- actuated, spring return, poppet valve, overlap free 
cally actuated, piloted, spring return, poppet vaive, not 

overlap free 


w 
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4/2 directional control valve, solenoid actuated, spring 
return 





5/2 directio val control valve, plunger actuated, spring 
return, sleeve valve (shown in actuated position) 





3/2 directional control valve, normally open, solenoid 


3/2 directional control valve, normally closed, plunger actuated, spring return 
actuated, spring return, poppet valve 


Pneumatic Characteristics 


5.16 Solenoid Valves As with all pneumatic valves, the main features of the 
solenoid valves are: 


solenoid valves convert electrically energy (voltage, cur- — Function 
rent) into as fs Maou energy (pressure, flow) 


Type, construction 







Control method 


Overlapping 


O00 0 


Size 
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Electrical Characteristics 

O Operating time for attraction and release 

O Supply - DC, AC 

O Power consumption - hold-on power, inrush power 
O 

O 


Protection methods against accidental contact, 
foreign bodies, water, ex-proof, pressure proof 


Duty (%) 


Electromagnetic Systems 
Components are: 
O Coil 


O Armature 
O Yoke (of the magnetic circuit) 


The switching behaviour depends essentially on the exci- 
tation type. 


DC Systems 
Switching behaviour 
OQ Slower on and off (self inductance) 


O _Cut-out spikes (self inductance) 
O Smooth attraction 


Other Properties 


O Safe against overload even with blocked armature 


O  _Bulkier than AC systems 

O Longer life 

QO Resistance is equal to the ohmic resistance of the 
coil 

AC Systems 


Switching behaviour 


O Switches fast and hard (due to the reduced resi- 
stance at the moment of switching on, the reac- 
tance not yet having developed) 


QO High current drain (air gap) when the armature is 
blocked 


Other Properties 


O Smaller than DC version 


O Eddy current and hysteresis losses 


3) Total resistance consists of ohmic resistance and 
reactance (self inductance) 


© Cannot be operated by direct current (current den- 
sity too high, resistance too low) 


5.17 5/2 Directional Control Valve 


Nominal Size 7 


Pneumatic operation, return by spring or pneumatically 
operated 


Technical data: 
Operating pressure 
Nominal flow Qh, 
at6 bar, Ap=1 bar 
Ambient temperature 
Permissible medium 
Material 


Return 
Control pressure 
Weight 


Spare kit 
Port thread 


f<ONNYV ERT 
Order - no. 


41! Pionn 


max 10 bar 


1200 I/min 

—15 bis + 80 °C 
air 

Zn - die cast 


spring 
min 3 bar 
0,46 kg 


577 602 00 2 
R,P,S, A,B 
M14x1,5 
Y,Z 
M10x1 


EH bb books “PA 


rama f “nte 


Port tdadNo 2 Raja GhRpes AcBn ovo. 


SADIAR 


Order - no. 


Alig Hy 
Y,Z 


G 1/8 
571 050 010 0 
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Return pneumatically 
Control pressure min 2 bar 
Weight 0,50 kg 
Spare kit 577 622 000 2 
Port thread R, P,S,A,B 
M14x1,5 
Y,Z 
M10x 1 
Order - no. 571 050 100 0 
Port thread R, P, S, A, B 
G 1/4 
Y,Z 
G 1/8 
Order no. 571 050 1100 





S (3) P (1) 
Dimensions 
Port P (1) = Pressure line 
Ports A (4) and B (5) = Working lines 
Ports R (5)andS (3) = Exhaust 
Ports Y (12) and Z (14)= Pilot lines 

















5.18 Summary 
Directional Control Valves 


(2)B  (4)A | 
| Directional control valves are characterised by their function, 
actuation, size, construction features and their technical data: 


Function 
=. ic aE | — Number of ports 
S (3) P(4)  — -R(5) — Number of switching positions 
~— Type of mid-position sealing 
Actuation 
— Manual 
—- Mechanical 
— Pneumatical 
— Electrica! 
i —_— , —-. Size 
Return by pressure, pneumatic — Port thread 
— Nominal diameter (nominal size) 
— Flow values 
Type 
— Version poppet — sleeve 
— Control direct — piloted 
— Overlap with — without 
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Technical Data 

- Permitted operating pressure 
_ Minimum control pressure 

— Flow values 

— Port sizes 


Push button 
manual 


Button, mushroom 


5.19 Exercises: 
Directional Control Valves 


Graphic symbols and descriptions of directional control 
valves 


2/2 directional control valve 


K itch 
normally closed ey Switc 


2/2 directional control valve 


Cam, push rod, 
normally open 


mechanical 


3/2 directional control valve 


Roller 
normally closed 


3/2 directional control valve 


One-way tri 
normally open se 


4/2 directional contro] valve Spring 


5/2 directional control valve Lever spring 


4/3 directional control valve Pneumatic piloted 


mid-position closed 


4/3 directional control valve 


bed —n Hydraulic piloted 
swimming mid-position 


5/3 directional contro! valve 


mid-position closed AfeleaMe “Uleiese 


aL 
_ 
FA 
A_ 
or 
oa 
OF 
cae 
My 
WW 
_ 
ial 
ef 





5/3 directional control valve 
swimming mid-position 


4/3 directional control valve 


mid-position recirculating TONNY ENTERPRISES PAN 
411 Panorama Cente 

4/2 directional control valve Bldg. No 2 Raja Ghazenfar wi Kh nw vod 

normally closed SADDAR KARACHI 


2/2 directional control valve 
poppet type 
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Notes 


78 








Pneumatic Control Elements: Isolating-, Choke-, Pressure Control Valves 





6. Pneumatic Control 
Elements: 
lsolating-, Choke-, 
Pressure Control Valves 


6.1 Isolating Valves 
Example of a practical type 





Check vaive 


TRE= —e- 


Graphic symbol acc. to DIN ISO 1219 
(Symbol with and without spring) 





Check valve with override 


=LO-p 


Graphic symbol acc. to DIN ISO 1219 


Isolating valves cut off the flow of the compressed 
medium in one direction and allow a free flow in the oppo- 
site direction. 


Isolating valves include: 
O Check valves 
O Shuttle valves 


O Double cut-off valves 
O Quick exhaust valves 


Check Valve 


Check valves allow airflow in one direction cutting it off 
completely in the opposite direction. They are construc- 
ted with or without springs and as poppet valves are com- 
pletely tight. 


Ball, cone and sealing plate can be used for the seals. 


Application Areas: 


O In combination with a choke for speed control of 
pneumatic drives and to slow down signals. 


O To prevent a backflow in diverse applications. 


Unlatchable Check Valve 


This valve offers the possibility of cancelling the check 
action in the blocking direction by means of a control 
signal applied to the additional pilot port. In this way, flow 
through the valve is possible in either one direction or the 
other. 


lf the ratio of the areas is favourable, the system pressure 
can be switched via the pilot port by an equal or lower 
pressure. 


The poppet principle guarantees complete tightness 
allowing the valve to be used for isolating purposes. 


Application Areas: 


O For stopping pneumatic cylinders in intermediate 
positions by isolating the cylinder supply pipes. 
This can be initiated by loss of pressure or by a 
specific control signal. 


RONKRY ENTERPR IS FS (Pawy 
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6.2 Shuttle Valve 


Example of a practical type 





a) Graphic symbol ace. to DIN ISO 1219 
b) DIN 40 700 (Logic, new) 
c) DIN 40 700 (Logic, old) 











| | 
| A A A_Al 
Ea ees ee ee 
yy VV yi 





| 
ie ‘or ee 






SLM 


OV 


SN, 





Example of circuit diagram 


A shuttle valve delivers an output signal if at least one 
input port is pressurized. Simultaneously, the opposite 
input port is cut off by the sealing body. Ball, cone and 
also disc seals can be used for the sealing bady. 


The shuttle valve is also called a pneumatic OR. (Input 
port 1 "OR" input port 2 can optionally be connected to the 
output). 












Application Areas: 


O Connecting pneumatic devices in parallel 
O Alternating operation from different sources 























Handling Instructions: 


Care must be taken that the control pressure is built up 
quickly as otherwise a bypass flow, and therefore a faulty 
connection, may result. 





Application Example: 


A single acting cylinder is to be optionally operated by two 
different plungers T, and To. 











(See example "circuit diagram") 


6.3 Double Cut-Off Valve 


Example of a practical type 








a) Graphic symbol acc. to DIN ISO 1219 
b) DIN 40 700 (Logic, new) 
c) DIN 40 700 (Logic, old) 


A double cut-off valve delivers an output signal only if both 
input ports are pressurized. 


A piston with seals at both ends controls the appropriate 
switching. Air is delivered normally by the port which has 
been pressurized last. 


The double cut-off valve is also called pneumatic AND. 
(Input 1 "AND" input 2 must be pressurized to obtain an 
output signal). 
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Application Areas: 


O Locking, linkage 


3) Wherever a number of conditions have to be fulfil- 
led for an operation to take place 


Application Example: 


A single acting cylinder is operated by two plunger actua- 
ted valves. Itis permitted to outstroke only if both plungers 
T, and T, are actuated at the same time. 





Example of circuit diagram 


6.4 Quick Exhaust Valve 


Example of a practical type 





Graphic symbol acc. to DIN ISO 1219 


Quick exhaust valves are used for exhausting reservoirs 
and pipes directly and quickly via the large venting cross- 
section of the valve. When the supply line is vented the 
difference between the delivery pressure and the supply 
pressure displaces the sealing element, thus opening the 
exhaust. 


The control line implied in the graphical symbol does not 
existin practice. The seal allowing the airflow in one direc- 
tion takes over this function. 


Application Areas 
O Speed increase of a double acting cylinder 


O With an additional volume usable as an ejector 
O Intermediate venting of long pipes 


Handling information: 


Q ~The quick exhaust valve should be connected 
directly to the reservoir via a cross section as large 
as possible 

O The connecting pipe to the valve should not be too 
long so as to achieve sufficient venting and a suffi- 
cient pressure differential 


Application Example: 

A reservoir is to be filled via a manually actuated valve 
and when the valve's actuator is released, to be exhau- 
sted via a quick exhaust valve (impulse ejector). 
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6.5 Practical Exercises 
Isolating Valves 


1. The piston of a double acting cylinder should out- 
stroke by actuation of a plunger. After reaching its 
end position the piston should be instroked by 
means of a limit switch. The instroke speed should 
be increased by means of a quick exhaust valve. 





2. The piston of a double acting cylinder should be 
outstroked by means of a plunger T, or Tp. The 
instroke should be automatic after reaching the 
end position. 









































3. The starting condition for a double acting cylinder 
should be: Actuating of a limit switch (partial con- 
trol) and an additional actuation of a plunger. The 
instroke should be initiated by a limit switch. 
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6.6 Choke Valves 


Choke valves influence mainly the flow volume of liquids 
and gases. 


The basic differences are: 


Choke: fixed or adjustable restriction 


Characteristics: long restriction in comparison to cross 
section (diameter) «flow depends onthe pressure diffe- 
rential ¢ flow not dependent on the viscosity 


Disc throttle: fixed or adjustable 


Characteristics: short restriction in comparison to cross 
section (diameter) « flow depends on the pressure diffe- 
rential flow not dependent on the viscosity ¢ turbulent 
flow 
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Disc throttle 





Throttle, adjustable 





Graphic symbol acc. to DIN ISO 1219 
a) Throttle, fixed, b) Throttle adjustable, 
c) Disc throttle, fixed, d) Disc throttle, adjustable 


6.7 Check-Choke Valve 


Example of a practical type 


The check-choke valve is a combination of a usually adju- 
stable choke and a check valve. It can be used in cases 
where the flow must be controlled in one direction. 


Evaluation criteria for a check-choke valve are: 


O Accuracy of adjustment, sensitivity (characteristic 
curve) 


O Free flow in choked direction with fully opened 
choke 


O Free flow via the check valve 


The choke design influences the linearity and the adjust- 
ment. 


Application Areas: 


O Speed reduction of pneumatic drives (cylinders 
and motors) 


O Production of time delays 
O Influencing the flow volume 





Check-choke valve 


ey 


Graphic symbol acc. to DIN ISO 1219 
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Types of chokes 






Needle choke 


Slot choke 


Application example 


Speed reduction of a double acting cylinder for outstro- 
king and instroking. 





Input choke 





Exhaust choke 
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6.8 Exercises 
Choke Valves 


1. The in- and outstroking speed of a double acting 
cylinder should be adjustable by choking the air 
supply. Start by plunger T,, instroke by plunger T,. 
Pressure monitoring of both chambers by pres- 
sure gauges. 


Compare properties of input- and exhaust choking. 


Input choking 


O Pressure of input and exhaust air at low levels, the- 
reby strong dependency on changes in load. 


O Start jumps possible. 


O Not suitable for negative loading. 


























Pneumatic Control Elements: lsolating-, Choke-, Pressure Control Valves 


2. As circuit 1, but with exhaust air choke. 


Exhaust choking 


O Pressure of input and exhaust air at high levels, 
whereby the piston is clamped and therefore the 
smoothness of the movement is less dependent 
on changes in load. 


O Favourable start up characteristic. 
O Counter pressure with negative load. 





"EIN “HEI, 


6.9 Pressure Control Valves 
Example: Pressure Regulating Valve 


Pressure control valves influence the pressure of the 
compressed air or react to specific values of pressure. 


Pressure control valves used in practice include: 


O Pressure regulating valve(pressure reducing 
valve) 


O Signalling valve (pressure switch) 
O Overpressure control valve 


Pressure Regulating Valve (Pressure Reducing 
Valve) 


A pressure regulating valve is used to hold the pressure in 
compressed air pipes and systems at a constant value 
with varying network pressure and changing consump- 
tion. Characteristics of a pressure regulating valve are: 


O Pressure drop for a corresponding flow 


O Responsiveness 


O Pressure range for clean and fault-free operation 
(maximum and minimum value) 


O Response time (control characteristic for pressure 
variations) 





Main components are: 1 Spring, 2 Diaphragm, 3 Valve 
seat for flow control, 4 Supply port, 5 Delivery port, 
6 Exhaust valve seat (for regulator with exhaust) 





Graphic symbols acc. to DIN ISO 1219 


There are two different types: 
a) Pressure regulator with exhaust 


b) Pressure regulator without exhaust 
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Pneumatic Control Elements: Isolating-, Choke-, Pressure Control Valves 


Application Areas 

Central supply of compressed air installations 
Service unit as beginning of installation 
Control of forces in cylinders 


Regulation of torque in compressed air motors 


Wherever a constant pressure is required for relia- 
ble operation 


0O000 0 


Instructions for use 


The flow through a pressure regulating valve is only pos- 
sible in one direction. Care must be taken to connect the 
device correctly. 


An improvement in the regulating behaviour during heavy 
pressure fluctuations is possible through: 


O Use of an additional volume to dampen tthe pres- 
sure changes 


O Connection of several pressure regulators in 
series (cascade circuit) 


6.10 Prepeure Switching Valve 





| 


Section view and graphic symbol acc. to DIN ISO 121 
of a pressure switching valve with variable switching 
point 
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Section view and graphic symbol acc. to DIN ISO 1219 
of a pressure relief valve 


1. Pressure Signalling Valve 


These valves deliver a signal after reaching a specific 
pressure. This signal can be a pneumatic signal in the low 
or normal pressure range, or an electrical signal. The 
response pressure of the valve is usually adjustable. 


O Range of response pressure (maximum and mini- 
mum values) 























Characteristics and Selection Criteria 


O Repetition accuracy 
O Adjustment accuracy 


O Hysteresis (difference between switch-on and 
release pressure) 


O Nominal flow 


© Resistance of control connection to various media 
O Function of the basic valve 


Application Areas 
O Monitoring of the pressure in cylinder pipes 


O Monitoring of pressures over different ranges and 
triggering of switching operations 





O Substitute signal for monitoring the stoppage of 
cylinders via the supply pressure 


O Tripping of security alarms when a specific pres- 
sure is exceeded 








Pneumatic Control Elements: Isolating-, Choke-, Pressure Control Valves 


2. Pressure Limiting Valve (Pressure Control Valve)) 


These valves are used in pneumatics mainly as safety 
valves.When a pressure determined by a spring force is 
exceeded, the valve is opened and the air released to 
exhaust. The valves used as safety valves are often 
equipped with a manual override and sealed. 


6.11 Practical Exercises 
Pressure Control Valves 


A double acting cylinder should outstroke at reduced 
pressure controlled via a plunger. After reaching the out- 
stroked position, full pressure is applied by means of 
another plunger. When the end pressure is reached, the 
cylinder should instroke. At the arrival at the instroked 
position, the reduced pressure is automatically restored. 
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Pneumatic Control Elements: Isolating-, Choke-, Pressure Control Valves 


Notes 
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7. Special Devices, 
Special Valves and 
Systems 


7.1 Pneumatic Time Delays 


Time delays in pneumatics can be produced by means of: 


O Delayed pressure build-up using a choke-volume 
combination 
O Falling pressure via choke-volume combination 


O Mechanical running gears with pneumatic swit- 
ching 


There are two types of switching: 
1. Start Delay with Positive Output 


In this type of device, with no control signal, the output 
signal A has the value 0. When the control signal changes 
to 1, the time delay begins. At the end of the time delay the 
output-changes to 1. 


When the control signal reverts to O the output at A 
reverts to 0. 
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2. Start Delay with Negative Output 


With this type, flow is possible in the initial position. At the 
end of the delay time the output signal is reduced and with 
the removal of the input signal, flow is again unrestricted. 





Other Types of Representation 





left: positive output, right: negative output 
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Special Devices, Special Valves and Systems 





Examples of practical types 
Graphic symbols, designation, function 


Time delay valve 


Basic valve: ; 
3/2 directional control valve, normally closed (positive), 
delay by way of pressure build-up, choke volume 





Above 

Basic valve: 

3/2 directional control valve, normally open (negative), 
delay by way of pressure build-up, choke volume 


Below 

Basic valve: 

3/2 directional control valve, normally closed, delay by 
expansion of control bellows 
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7.2 Practical Exercises Time Delays 


1. The piston of a double acting cylinder should out- 
stroke when a push button is actuated and should 
remain in the outstroked position for a defined time, 
then instroke automatically. 





2. A double acting cylinder is controlled by a push but- 
ton. By actuating the push button the cylinder outstro- 
kes. The instroke is initiated by means ofa limit switch. 
The circuit should be designed so that the piston 
returns to the initial position when the push button is 
permanently actuated. Restart occurs only after 
release and reactuation of the push button. 





7.3 Pneumatic Sensors 
Outline 
Pneumatic flow elements for sensing 


For contactless sensing of positions and for measuring 
purposes, flow elements functioning on the "dynamic" 
principle can be used (fluidlogic). In these elements (sen- 
sors) the pressure conditions in the air flow are utilised. 
Depending on the way they work, they are divided into: 


O Reflection principle 


O Barrier principle 
O Dynamic pressure principle 


As the graphical symbols for these devices are not stan- 
dardised, individual manufacturers and users employ dif- 
ferent symbols which should be standardised within a 
company. In practical applications, it should be taken into 
account that low pressure is used to attain a defined flow. 
The low-level control signals must therefore be amplified. 





Reflection principle 





Barrier principle 


Dynamic pressure principle 
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7.4 Reflection Eye (Screen Nozzle) 





Example of a practical version 


= 


Graphic symbol 


Reflection eyes are flow elements where the interaction 


between an annular spreading flow (screen) and the - 


reflux pressure in the centrally positioned measurement 
channel is utilised. They are used for contactless trans- 
mission of signals andare also suitable for measurement 
purposes. 


Function 


The annular air flow causes a negative pressure in the 
centrally positioned receiver channel if the airflow is 
unobstructed. When an object approaches, the pressure 
becomes positive and reaches the supply value when the 
nozzle is completely obstructed. The curve represents 
the relationship between the output signal and the sen- 
sing distance. 


Factors influencing the output signal are: 


O Supply pressure 
O Construction. 


The switching point of the system and hence the sensing 
distance depends on the response point of the secondary 
amplifier. Normal sensing distances lie between 2mm 
and 6mm, depending on the design. Special designs for 
distances of up to 15mm are available, using devices of 
corresponding size. 
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For a supply pressure of 0,1 to 0,5 bar, the usable output 
signal pressure range is 0,5 to 2 mbar. 


PA 


Control pressure vs. sensing distance 


low pressure 
0,1 up to 0,5 bar 





Example of a circuit diagram 


7.5 Air Barrier 


Principle 


Air barriers are flow elements which sense changes bet- 
ween the two nozzles. 


They consist of: 


O Transmitter nozzle 
O Receiver nozzle.. 


Inthe simplest case, the receiver nozzle has the form of a 
normal nozzle. To reduce the sensitivity to external 
influences, the receiver nozzle can be pressurised. 


Application Areas 


Contactless transmission of signals over shorter sensing 
distances. The disadvantage of the air barrier principle is 
the sensitivity to external influences. The advantage is 
the simple construction. 


Two Piece Air Barriers 
With good coverage and use of pressurized receiver 


nozzles, sensing distances up to 80mm are possibile, hig- 
her in certain cases. 


Air barrier 








Air barrier with pressure receiver nozzle 


One-Piece Air Barriers (Fork-Shaped Air Barriers) 


In this device both transmitter and receiver nozzles are 
integrated in one part. They can be used with pressurized 
and unpressurized receiver nozzles. 


Owing to the small distance between the nozzles, the 
susceptibility to faults is significantly lower than with nor- 
mal air barriers. 
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Practical applications are, for example: 
O Checking of thin parts 


O sensing of information codes 
O Monitoring meters (pointers, vanes, etc.) 


ml 


Fork-shaped air barrier 





Fork-shaped air barrier with pressurised receiver nozzle 


Switching Behaviour of Air Barriers 


Air barriers are pressurized with low pressure (0,1 to 0,5 
bar approx.) in order to obtain a usable output signal and 
to limit the air consumption. 


The usable output signal (from 0,5 mbar) must be ampli- 
fied. Through the back pressure it will be positive if the 
gap between the nozzles is not obstructed. It must there- 
fore be inverted. 


7.6 Air Barriers 
Representation and Connection 


Graphical Representation 
As there are no standardised graphical symbols, the 


representation used by individual manufacturers and 
users differs. 
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= = 


Air barriers 





Air barriers with pressurized receiver nozzle 


p 
A 


Gap sensor 





Gap sensor with pressurized receiver nozzle 


Connection 


since air barriers operate with low supply pressures and 
deliver low pressure output signals, the supply pressure 
must be reduced and the output signals amplified on con- 
nection to a pneumatic circuit. 
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Connection example 


The output signal at A is positive if there is no object bet- 
ween the jets. The signal must be amplified and inverted. 


7./ Pilot Tubes and 
Dynamic Pressure Switches 


Pilot tubes and dynamic pressure switches are based on 
the dynamic pressure principle. Characteristic of these 
devices is the airflow from a nozzle with a backpressure in 
a branching channel. This backpressure is dependent on 
the distance of an object positioned in front of the nozzle. 


When the nozzle is completely covered, an output pres- 
sure corresponding to the supply pressure is obtained, 
which needs no amplification if the supply is at normal 
pressure. 


1. Pilot Tube 


The free flow of the output nozzle causes a pressure 
reduction in the control channel through suction. By cove- 
ring the output channel, a backpressure is generated 
which is equal to the supply pressure in the case of acom- 
pletely covered nozzle. 


By choking the air supply and by appropriate channel 
shaping, it is possible to use normal pressure as supply 
pressure to the pilot tube. In this case, an amplification of 
the output is unnecessary, and at the same time, the air 
consumption is reduced. 
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Pilot tube 





Graphic symbol 


2. Dynamic Pressure Switch 


In contrast to the pilot tube, in the dynamic pressure 
switch the backpressure channel is integrated into a 3- 
port 2-position directional control valve. In this way the 
sensing point can be designed as a simple nozzle if it is 
connected to the dynamic pressure switch via a pipe. The 
length of the connecting pipes can cause switching 
delays. 





Dynamic pressure switch 





Graphic symbol 


Properties 

The advantage of the dynamic pressure switch is the pos- 
sibility of using normal supply pressure and, in the case of 
a covered nozzle, of obtaining an output signal of equal 
value. A low pressure regulator and amplifier are there- 
fore unnecessary. 


7.8 Pneumatic Amplifiers 


Pneumatic pressure is amplified by changing the areas. 
Depending on the amplification factor required, single- or 
two-stage types are used. 

The amplification factor Vis the ratio of the output pres- 
sure py, to the pilot pressure py. 


1. Single Stage Pressure Amplifier 


The pilot pressure py acts on the pilot area Ay genera- 
ting an actuating force Fy, opposing the pressure p and 
acting on the sealing disc area A, and the force of the 
spring. Depending on the ratio of the areas, an amplifica- 
tion factor as high as 10 can be obtained in practice. 
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Special Devices, Special Valves and Systems 








Graphic symbol 


2. Two-Stage Pressure Amplifier 


These are usually designed so that low pressure air is 
supplied to the first stage, the second stage handling the 
full pressure. 


Amplification factors up to 12 000 :1 are possible. 


The attainable amplification depends on the design, the 
supply pressure p, and the supply pressure pp 


Application areas for pneumatic amplifiers are primarily 
the amplification of output signals of contactless sensors, 
amplification of pressure measurement data and of pilot 
tubes operating without covered nozzles. 
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Amplification by way of area difference 


With two-stage amplifiers 
1st stage is supplied with low pressure, 
2nd stage with normal pressure. 


7.9 Pneumatic-Electric 
Transducers 


Pneumatic-electric transducers, also known as P/E 
transducers or pressure switches, are used for conver- 
ting a pneumatic input signal into an electrical output 
signal. 


1. Transducers with Fixed Switching Point 


These have a fixed response pressure which depends 
upon the pressure range used. For transducers in the 
normal pressure range, it lies usually between 1 and 3 
bar. 


Function 


A pneumatic drive system (piston, diaphragm) operates 
an electrical contact. Transducers are often equipped 
with a manual override to allow the triggering of a swit- 
ching signal either for testing purposes or in case of an 
electrical supply failure. 





Transducer with fixed switching point 


Lela 


Graphic symbol 


aki 
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2. Transducers with Adjustable Switching Point 


These devices are freely adjustable within a fixed pres- 
sure range, and depending on the design and the materi- 
als of the equipment, can be used for various media. 


Function 


The switching force is generated by a pressure acting on 
an area in opposition to the force of an adjustable spring. 
lf the pressure is greater than the spring force, it actuates 
one or more switch contacts. 





Transducer with adjustable switching point 








pneumatic electric 


Characteristic Date for P/E Transducers 





Graphic symbol 


Switching pressure 

Re-set pressure 

Working voltage 

Contact load, maximum load current 


Protection 


oo © 2 sD 


Lifetime 
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Special Devices, Special Valves and Systems 


Notes 
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8. Piping, Fittings, Accessories 


8.1 Piping, 
Fittings, Accessories 


Examples of piping 





Devices and control equipment are connected by pipes 
and fittings. 


These elements present a resistance to the air flowing 
through them, causing a pressure drop which lowers the 
efficiency of the installation. 


The pressure drop can be held within permissible limits 
by correct sizing. 


To optimize the complete installation and the application, 
the following points must be taken into account. 


Resistance value, flow resistance 
Resistance to environmental influences 
Compatibility 

Space requirements 

Construction expense 


Technical properties 
Feasibility 


The following should be considered: 


OOO oO 0 0 


Pipes 
Fittings 
Couplings 
Branches 


Manifolds 
Passage way 


Criteria for Dimensioning 


O 


OO O 


Drives 

Control valves 

Piping 

Fittings 

— drop — flow restriction as low as possi- 


8.2 Fittings and Connectors 


Port threads in pneumatics are usually given as pipe thre- 
ads in inches. For these threads, the standard value of the 
inner diameter of the pipe to be connected is given, lea- 
ving the remaining parameters still to be defined. 
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Dimensions of Pipe Threads 3. Handling 


Number of parts 


Thread Inside Pipe inside 
Designa- dia. d, dia. d, 


Time necessary to make connections 
Time necessary to disconnect parts 


OO © 


tion inmm inmm 


4. Construction 

O Space for fittings 

O Space for construction 
O Tools 

O Costs 

O Accuracy 


5. Resistance 
O Mechanical stress 
O Heat 


O Humidity 
O Chemical influences 


Common types of fittings and connectors are: 





Union nut 
Hose nozzle 


Quick plug-in connector 


Metric threads are being increasingly used. Fitting with olive 


The corresponding thread sizes are: Quick plug-in coupling 
Flange connector 


Welded connection 


OO00d0WdmcOOdLO 


M5 
M10x1 


M14x1,5 
M 22 x 1,5 
M 26x 1,5 





The criteria for the selection and evaluation of fittings and 
pipe connectors are: 


1. Resistance 


O Free-flow cross section 
O Flow course - straight, diverted 


2. Technical Data 


O Permissible pressure range 


O Feasibility 
O Types of pipes used 
O tightness 
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8.3 Fitting Types 


Connectors 


Common types and their properties: 


1. Fitting with union nut 


O 


OOO 0% 





Reduced cross section 
simple fitting 

Two parts 

Time consuming 

Large space requirement 


Detachable connection 


For plastic tube - fixed size 


2. Hose Nozzle 


O 


of 2 © 





Reduced cross section 
Suitable for all types of hoses 
Hose clip usually required 
Not easily detached 

Simple 


Piping, Fittings, Accessories 


3. Quick Push in Connector 


40 O 0 sOF0 


Free passage, low resistance 
Quick mounting 
Fast and easy to detach 


Minimum space requirement 


One piece 
Special plastic hose needed 





4. Thrust Collar Fitting 


O 


OG. 0. 0 


Free passage, low resistance 
Special tube must be used 
Three parts 

Costly mounting 


Tool necessary 
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8.4 Pipes and Hoses 


Dimensions and tolerances of plastic hoses for quick 
push-in connections. 


Outside diameter Bending radius 
tolerances minimal 

+ 0,05 =o 

— 0,07 r=15 














x 6mm 
5.5 x 8mm 
x 10mm 






Materials used for piping 
Rigid Connection 


O Steel (black, galvanised) 


O Plastic 
O Stainless steel 
O Copper 


Flexible Connection 


O Rubber (with/without fabric ply) 
O PVC 


Important criteria for selection and application are: 
Technical Data 


O Permissible pressure range 
O Flow resistance - permissible Ap 


O Roughness 
O Dimensions - tolerances 


Resistance 

Heat 

Humidity 
Mechanical stress 


Chemical influences 
Aging 


O000 0 
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Method of Installation 


O Fixed 

O Loose 
O Open 

O Covered 


Connection, type of connection 


O Connection type 
plug, screw, clamp, weld 


Bending radius 
Flexibility 
Detachability 
Type of fastening 


Distance between supports 
Time required 


OO IO OC OF 


Piping, Fittings, Accessories 





Notes 
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9. Basic Pneumatic Circuits 
Important Circuit Types 


9.1 Pneumatic Circuits 


In pneumatics there are basic circuit types which are 
repeatedly used for many different applications. 


The same combination of devices can be repeated for dif- 
ferent applications. It should be noted, however, that due 
to differences in construction for devices with identical 
functions, not every circuit can be optimal for every 
system. The circuit will then need to be adapted or modi- 
fied. 


Compiling a catalogue of these standard circuits can help 
the engineer with his work. 


In order to obtain representations which are uniform, 
generally applicable and comprehensible, clear graphi- 
cal symbols of the devices and a clear circuit diagram are 
necessary. 


The most important circuit types are grouped together in 
the form of exercises. 


O Control of single acting devices 

Control of double acting devices 
Influencing rotational speed and velocity 
Influencing torque and force 

Stopping pneumatic cylinders 


Response over time 
Various circuits and combinations 


OO O°O 0 0 


Pneumatic Circuit Diagrams 


Circuit diagrams show the interaction of pneumatic devi- 
ces. Basic requirements for a clear and generally com- 
prehensible circuit diagram are: 


O Use of standard defined symbols 
O Uniform energy flow 


O Representation of the devices irrespective of posi- 
tion 

O Standard and comprehensive identification of the 
devices on the circuit diagram and its transfer to 
the installation. 


Symbols and Outlines 


In pneumatics, the following have been adopted: 


O Symbols according to DIN/ISO 1219 for pneumatic 
devices 


O Symbols according to DIN 40700, P.14, for control 
devices (LOGIC) 


O Supplements for electro-pneumatic control equip- 
ment using current electrical standards 


O Energy flow and signal flow from bottom to top 
where possible 
O Representation of devices irrespective of position, 


with the position shown by the description 


Designation of Devices 


In order to obtain the relationship between circuit diagram 
and installation or vice versa, a designation of the devices 
is necessary. 


Possible designations are: 


O Drive-oriented group designation 

O Continuous numbering 

© Combination of device identification letters and 
continuous numbering 

O Practice-oriented designation of coordinates 


9.2 Control of Pneumatic Drives 


Single acting cylinder 


Double acting cylinder 
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3. Speed Reduction Air Motor 


Air motor, one direction of rotation 


One direction Two directions 
of rotation of rotation 

4. Speed Increase Air Motor 

O Enlarge cross-section 

© Increase pressure 


Air motor, reversible 





9.3 Speed Control 


1. Speed Reduction of Single Acting Cylinders 


Outstroke Instroke Out- and instroke 





2. Speed Increase of Single Acting Cylinders 
O Enlarge cross-section 


O Install quick-exhaust valve 
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5. Speed Reduction of Double Acting Cylinders 9.4 Control of Force and Torque 


1. Compressed Air Cylinders 





Input choke (A); Exhaust choke (B, C) 





Outstroke (A); Instroke (B); Out-Instroke (C) 


6. Speed Increase of Double Acting Cylinders important: A change of force brings about a change of 
speed. 


Possibilities 
O Enlarge cross-sections of ports 


O Increase pressure 


O Install quick exhaust valve gUNSY ENTERPRISES (PAS) 
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Important: The effectiveness of the respective mea- 
sure depends upon the load point at which 
the cylinder is operated. 
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2. Compressed Air Motors 2. By using counter pressure 


3. By exhausting cylinder pipes 





Torque control in one direction (A) and in two directions 
(B) and (C — different.values) 4. By hydraulic locking 


Important: Achange oftorque brings about achangein 
rotational speed. 


9.5 Stopping Pneumatic Cylinders 


1. By closing cylinder pipes 
= a 9. By mechanical locking 
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9.6 Circuit Examples 3. | Acompressed-air motor with one direction of rota- 
tion should be switched on and off by a locking 
1. The piston of a single acting cylinder has a push- Sxuten. a 


button control for in- and outstroke. 


PAPAS 
A ey Oe a 
y VV VV | 


| 
q 
] 
ll 





4. The piston of a double-acting cylinder should out- 
stroke by means of a manually activated valve. 
Releasing the valve should cause the piston to 
return to the instroke position. 


2. The in- and outstroke of a large volume single 
acting cylinder should be controlled indirectly by a 
switch. 





i 





Large valve mounted on the cylinder, small valve for 
manual actuation. 
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Basic Pneumatic Circuits and Important Circuit Types 
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5, A double acting cylinder should be controlled by a 7. A double acting cylinder outstrokes by means of a 
push-button T, , so that on actuating, the piston push button. After reaching the end position it 
rod outstrokes. After reaching the outstroked posi- should instroke even if the push button is still 
tion it stays there until the instroke command is depressed. 


given over a second push button T, . 
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6. The outstroke of a double acting cylinder occurs on 8. A reversible compressed air motor can be control- 
the actuation of a push button T, , the instroke fol- led in both directions or stopped. 
lowing automatically on reaching the end position. 
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9. A single direction compressed air motor is control- ag 
led by means of a switch giving two fixed speed ay 
values, OT NM Otol 
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10. Alocking switch causes a double acting cylinder to 
continuously out- and instroke between the end 
positions, stopping when the switch is turned off. 


The cylinder should be stopped in the following 
positions: 


a) Initial position 
b) Outstroked end position 


Cc) In the end position when turned off 
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11. The piston ofa double acting cylinder outstrokes by 
means of a push button, returning automatically 
before, or on reaching the end position. The reduc- 
tion in outstroke velocity should be adjustable and 
the instroke velocity should be as fast as possible. 
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OV 12. A double acting cylinder is controlled by a push 
SEU: button and outstrokes with reduced force. At the 


a 
~| ke asf |\ outstroke position, full pressure is applied by 
means of a second push button, and after the 
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build-up of the pressure, the cylinder instrokes 


automatically. 
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13. The torque of acompressed air motor with a single 
direction of rotation is adjustable. Start and stop 
are by means of a toggle switch. 


Pressure change results also in change of speed. 


15. Adouble acting cylinder outstrokes by means of a 
push button T, and after reaching the end position 
returns automatically. A new start can only occur 
after the piston has reached the instroked position 
and the push button has been released and reactu- 
ated in the initial position (Repetition interlock to 
prevent continuous operation). 


13 


14. Adouble acting cylinder outstrokes by means of a 
push button. After reaching the end position the 
piston stops for a predetermined time then auto- 
matically returns. 
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16. An alternating outstroke/instroke of a double 
acting cylinder is controlled by actuating a push 
button. 


a) by means of limit switches 


b) by means of directional control valves. 
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17. 


Using two push buttons, the piston rod of a double 
acting cylinder outstrokes or instrokes. The piston 
must stop on releasing the respective push button 
(With the accuracy attainable by cutting off the flow 
in the cylinder pipes). 


a) Using 2 port 2 position directional control valves 
in the cylinder pipes 


b) Using 5 port 3 position directional control valves 
with neutral off position. 


Basic Pneumatic Circuits and Important Circuit Types 
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Basic Pneumatic Circuits and Important Circuit Types 


18. 


19. 
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The piston of a-double acting 
cylinder is selectively outstro- 
ked by push buttons T,, or T,. 
After reaching the end position 
the instroke can only occur 
when a release signal is given 
by actuating a third push button 
Ts. 


The starting conditions for a 
pneumatic cylinder are: 

Limit switch a: actuated 

Limit switch b: not actuated 
Push button c: actuated 

Fork shaped air barrier: vane in 
fork 

The instroke is effected by 
means of an additional limit 
switch. 
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Characteristic Dimensions and Layout of Pneumatic Installations 





10. Characteristic 
Dimensions and Layout 
of Pneumatic Installations 


10.1 Sizing of 
Pneumatic Installations 





The maximum efficiency of a pneumatic installation can 
only be attained when all parts and devices used are cor- 
rectly selected and matched. For this the complete 
system must always be considered as a single unit — the 
overall performance being decided by the weakest part. 


Criteria for construction: 


1. Required performance 


— force, torque 
— velocity, rotational speed 


2. Operating conditions 


— guaranteed working pressure 


— environmental influences which can lead 
to a change of conditions 
(dirt, mechanical changes, etc.) 


The following are to be set out: 


Drives (linear- rotary) 
O Load values 


— static loads 


— dynamic loads 


O Power values 
O Efficiency 
Valves 


O Pressure drop 





Piping, accessories 
O Pressure drop 


— length 
— pressure 


EG! 


Power supply 


O pressure drop 
O degree of preparation 


© '&) 
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Characteristic Dimensions and Layout of Pneumatic Installations 





10.2 Example of Sizing 


A compressed air cylinder is to lift a mass of 43 kg verti- 
Cally. 

Working pressure: 5 bar 

stroke: 500 mm 

Outstroke time: 1.5s 


To be determined: 
1. Diameter of cylinder 


2. Control valve: nominal size 
port size 


3. Internal diameter of the pipes 


4. Fitting to be used 
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Hints on sizing 


. Cylinders, motors 
. Valves 


. Piping, accessories 
. Power supply 


>a WO ND — 


1. Choose load point at 40 to 50 % of maximum. 


2. Adapt nominal width to that of the drive if excessively 
high speeds are not to be reached, otherwise by way 
of Ap and V. 


3. Adapt nominal width of the piping to that of the screw 
fittings. If the screw fitting cross section is not redu- 
ced, then use the relevant valve for normal pipe runs 
(< 10m). For fittings with a reduced cross-section, the 
ND should be matched to that of the valve. 


4. Make the air input port where possible 1 to 2 steps lar- 
ger. 


Calculation 

Outstroke force F\, at cylinder: 

Fo =meg=43kg*9,81 mes“ = 420 N 
Friction approx. 10% 


+ Fy =2¢ (420 + 42) =924N 


See table chapter 4: 
Piston-Q: 50 mm 
Port thread: G1/4 


Characteristic Dimensions and Layout of Pneumatic Installations 


Notes 
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Characteristic Dimensions and Layout of Pneumatic Installations 





Notes 
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Standards and Guidelines 


11. Standards and Guidelines 


Double acting differential cylinder 


11.1 Graphical Symbols for Pneuma- 
tic and Hydraulic Devices, 
Power Supplies and Drives 


Multiple-position cylinder 


Double acting cylinder 
without piston rod 


This compiliation of graphical symbols is in accordance 
with DIN ISO 1219. 


Devices which are not included in the standard are 
represented by the usual commercial symbols, the port 
designations corresponding to international guidelines. 


Cushionig 
one end, non-adjustable 


Cushionig 
both ends adjustable 


Port designations Letters Figures Compressed air motor 
one direction of rotation 
Delivery lines A.BCes 24.65. 

Compressed air motor 
pleeeule Supp, two directios of rotation 
power supply P 1 
Exhausts, return pipes AS, Tas  3)5)-7 x. Hydraulicmotor 

one direction of rotation 
Leakage port L 
Pilot ports X,Y,Z... 10,12,14... Hydraulicmotor 


two directions of rotation 
Graphical Symbols for Pumps and Compressors Compressed air oscillating motor 


Hydraulic pump two directions of motion 


with one direction of flow a 
Hydraulic oscillating motor, one 


Hydraulic pump direction of rotation, spring return 


CF adjustable displacement 
Controllable pump/motor 
Hydraulic pump 
with two directions of flow 7 
Pressure intensifier 
Hydraulic pump with two directions Same compression medium 
of flow, adjustable _ 
Pressure intensifier 


Hydraulic gear with pump and different compression medium 


hydraulic motor . 
Pressure medium transducer 


different compression medium 


Afiesseooohy al 


Air compressor 
Graphical Symbols for 
Graphical Symbols for Pneumatic and Hydraulic Drives Directional Control Valves 


Single acting cylinder 

with return spring 

Single acting cylinder 

with return by external forces 
——, Double acting cylinder 

Double acting cylinder 

with double piston rod 

Telescopic cylinder 

double acting 


2 port 2 position directional control 
valve, normally closed 


2 port 2 position directional contro! 
valve, normally open 


3 port 2 position directional control 
valve, normally closed 


3 port 2 position directional control 
valve, normally open 


3 port 2 position directional control 
valve 


Bea Ee 
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(1H ERE SEEEREES 


5-port 2 position directional control 
valve 


4 port 3 position directional control 
valve, sealed mid-position 


4 port 3 position directional control 
valve, mid-position ports connected 


5 port 3 position directional control 
valve, sealed mid-position 


5 port 3 position directional contro! 
valve, mid-position to exhaust 


4 port 3 position directional contro! 
valve, neutral position with circulation 


4 port 2 position directional control 
valve, normally closed 


2 port 2 position directional control 
poppet valve, normally closed 


Switching positions 
Switching positions 
with neutral position 0 


Simplified representation of 

two different valves 

Throttling directional control valve 
Exhaust, untapped 


Exhaust, tapped 


Reservoir for return pipe 


Actuators for Pneumatic and Hydraulic Valves 
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Boa 


Any muscal power 


Button, push button 


Lever 


Pedal 


Key 


HELLS AMAA Se et oh 


General mechanical tapped, cam 


Roller 


One way trip 


(acts in one direction only) 


Spring 


Spring bar (whisker) 


Pneumatically pressurized 


Hydraulically pressurized 


Pneumatic piloting 


Hydraulic piloting 


Hydraulic piloting 


Differential piston 


Electrically actuated (solenoid) 


Electrically actuated 


pneumatic pilot 


Detent 


Detent 


Graphical Symbols for Pneumatic and Hydraulic 
Isolating-, Choke-, Pressure Control Valves 


BO aie § 


Check valve 


Check valve unlatchable 
Pe > Pa — Check action 


Check valve unlatchable 
Pa > Pe — check action 


Shuttle valve, OR 


Quick exhaust valve 


Standards and Guidelines 





(HBA SE 


p 


ope 


—=—=4 


. 
1 


x 


Double cut-off valve, AND 
Throttle 
fixed, adjustable 


Choke 

fixed, adjustable 

Check/choke valve 

One way restrictor 

(with throttle) 

Bi-directional adjustable choke 
Three-directional adjustable choke 
Flow deviding valve 

Pressure limiting valve 
Pressure limiting valve, piloted 
Charging valve 

Pressure control valve 
Pressure control valve 

with relief port 


Differential pressure regulator 


Cut-off valve 


Graphical symbols for Pneumatic and Hydraulic 
Maintenance and Measuring Devices 


OOOO 


maintenance device, general 


Filter 


Draining valve, manual draining 


Draining valve, automatic draining 


Filter with automatic draining 


2OOHS OHH OD DH HOODS 


Filter with 


dirt accumulation device 


Lubricator 


Dryer 


Temperature limiter 


Combination unit 


filter, regulator, lubricator 


Pressure gauge 


Differential pressure gauge 


Temperature measuring device 


Flow meter 


Volume meter 


Optical indicator 


Sensor 


Temperature sensor 


Fluid level sensor 


Flow sensor 


Graphical Symbols for Pneumatic and Hydraulic 


Circuit Diagram 


mob + 7 


Pipe connection 


Pipe crossing 


Flexible pipe 


Rotating joint 


Electrical line 
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Silencer 
Energy storage 
(reservoir) 


Hydraulic accumulator 
Compressed air reservoir 
Pressure source 


hydraulic, pneumatic 


Compressed air port, 
closed 


Compressed air port, 
with connection pipe 


Quick-fitting pipe union without 
check action, coupled 


Quick-fitting pipe union with check 
action, coupled 


Quick-fitting pipe union, 
uncoupled, pipe open 


Quick-fitting pipe union, 
uncoupled, pipe closed 


Operating unit 


Mechanical link, 
bar, shaft, etc. 


Electric motor 


Internal combustion engine 


Graphical Symbols for Various Devices 


(non standard) 


— 
| 
L 





eAAH EN 


\/ 
Al 


ade 


Pilot pressure tube 


Dynamic pressure switch 


Reflection eye 


Air barrier, non-pressurized 
receiver nozzle 


Air barrier, pressurized 
receiver nozzle 


Fork-shaped air barrier, 
non-pressurized receiver nozzle 


Fork-shaped air barrier, 
pressurized receiver nozzle 


2-stage amplifier 


Counter, 
manual and pneumatic reset 


Difference counter 
Adjustable counter 
with pneumatic output 


Pressure switch 


Adjustable pressure switch 


Standards and Guidelines 


Notes 
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Pneumatic Installations: Functional Descriptions and Fundamentals of Control Engineering 


12. Pneumatic Installations: Automatic production processes require equipment 
2 = where the individual components and functions work 
F mart oeee ; Poens together smoothly as one complete system. 
an undgamentais oO 


Control Engineering 


The control equipment makes this cooperation possible. 
In order to easily understand the operation of the system 
during the design phase and when working with the 
installation clear and understandable symbols are neces- 


12.1 Pneumatic Installations: sary which can, however, be company specific. 


Designations, Definitions The following definitions and symbols are suitable for 


designs. 
Drive The symbols are based on: 
Cylinder — a ; 
Motor | The initial position of the equipment 
Unit 
Drives: A,B,C... 
Motion: ~ (+) : working direction 
: -) : return to initial position 
Servo Device ©) P 
| Directional Control Be ate 
Valen nOs, Clee mancaaaet ae eoidne direction 
Pressure Contro! Valve ° Bie iis tee g 
for the return direction 
oe | Signal Ag; Do, Co... 
Control ) Transmitter: to identify the initial position 


Electrical 
Electronic 


a, ,by,Cy... 
to identify the working position 
Additionally: Sa, Say, ... 


Pneumatic 


for electrical transmitters 


Transmitter 
Manual 
Mechanical 
Transducer 


Energy 
Drive energy 
Control energy 
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Pneumatic Installations: Functional Descriptions and Fundamentals of Control Engineering 


12.2 Functional Description 
of Installations 


A clear representation of an installation is necessary in 
order to be able to give a good description of its function. 


A functional description should contain the following: 


1. Function sequence 
Step sequence, programme 


2: Type of operation 
Automatic—manual, stop—non-stop 


3. Connections, security 
external safety, internal safety 


4. Switching conditions and 
start conditions 
control of instructions, data collection 


A complete functional description in a clear and unambi- 
guous form is essential in order to understand and main- 
tain an installation, for designing the control equipment 
and for all departments involved to understand the 
system. 

A list of requirements using the above criteria and based 
in an extensive analysis of the problems is initially needed 
to produce this functional description. 


Presentation Possibilities: 
O Functional charts 
Flow charts 


Description in table form 
Description in text form 


OO O 


12.3 Function Charts 


Usable function charts are: 
O Path-time chart 


O Path-step chart 
O Status chart 


In these charts, the path or the status of a drive and the 


switching status of the control equipment is shown 
against time or switching step. 
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1. Path-Time Chart 


The path of acylinder, the operating state of a motor (pos- 
sibly also the acceleration phases) and the switching sta- 
tus of the control equipment are shown with reference to 
time. 


Advantages: The speed can be read 


Disadvantages: More difficult to understand due to distor- 
tion 


Path, stroke, state 





2.Path-Step Chart 


As well as the switching states of drives and control equip- 
ment, the movement of working components is shown in 
the path-step chart with reference to the switching step. 
Step: Change of status of a module, a movement, or 
change of state of a control device. The steps are given in 
a linear form. 


Cylinder 


Path, stroke, state 





Motor 


aja 
ab) 
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Pneumatic Installations: Functional Descriptions and Fundamentals of Control Engineering 


3. Switching States of Control Equipment 


These switching states can be represented on two or 
three levels. The initial position of a valve or control sole- 
noid is defined as the O-state, to which the possible swit- 
ching states of the equipment are referred. 


Example: Valve with three switching states and sole- 
noid actuation. 


0: Initial position 
Switching state a 


Switching state b 


” oe Senon ek pee : Schematic representation of manual signal elements in 
y2: Control solenoid for position b functional diagrams: 


b 
: On Selector switch 
a 
1 Changeover 
Ya a switch 
1 
Yo 0 Limit switch 


Limit switch 


Key longer actuated 


; switch 
lf several working units are used in one installation, the 


individual units are shown one above the other. For clarity 
the path is shown in unit size. The lines of the individual 
steps form the connections. 


Automatic Time element 


Emergency Pressure 
off switch switch 


Signals showing the next step are shown by signal lines, 
the direction of movement being indicated by arrows. For 
manual signal elements, the symbols shown opposite 
can be used. 


D 
O 
ay 
@) 





Example: 


A double acting cylinder should outstroke as fast as pos- 
sible. A limit switch at the middle of the stroke signals a 
change to working speed. 


O Cylinder control: 
4 port 3 position directional control valve with 
middle off-position 


O Changeover to working speed: 2 port 2 position 
directional control valve with initial off-position 


O Limit switch: Initial position: $1 
Changeover point: S2 
End position: $3 
Start: Push button S4 
Power supply: Switch S5 
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Function Chart 


Drives Position 
Control devices Status 
Stroke 


Energy 


4 port 3 position 
directional con- 
trol vaive 


4 port 2 position 
directional con- 
tro] valve 


Cylinder Process step 


Rear 


12.4 Function Diagrams 
(Flow Charts) 


With a large number of components and a complicated 
sequence of movements, the diagrams shown become 
difficult to understand. The use of flow charts is recom- 
mended in this case. DIN 407719 contains such charts for 
electrical installations and these can easily be used in 
hydraulic and pneumatic engineering. 


1. Function Diagrams as per DIN 40719 


These diagrams contain as basic elements the step 
sequence with interlocking and indexing, together with 
any extra instructions and the instruction format. 


a Step sequence b Instruction format 


O Step number © Instruction 
O Function O Type of instruction 


O Indexing O Instruction number 
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1 a) Steps 1 b) Comands 


Start 
Reset position 


2. Simplified Form of Function Diagrams 
(Flow charts) 


Even in a simplified form, the step sequence with inter- 
locking and indexing can be fully represented. The 
instruction level, however, is shown in simplified form 
without the instruction type and number. 


Pneumatic Installations: Functional Descriptions and Fundamentals of Control Engineering 


Components used in the Diagrams 


Step Number: 


Function: 


Indexing 
Conditions: 


Instructions: 


Type of: 
Instruction 


Indicates the sequence throughout the 
installation 


Described by text or simplified notation 


Listed in abbreviated form with logical 
connections represented by logic sym- 
bols 


Written as (+) of (—) instructions 


Indicates whether the instruction is sto- 
red (ST) or not stored (NS) 


2 a) Simplified Function Diagram, Type a) 





12.5 Function Charts and 
Function Diagrams 


Example: Saw Unit 


A semi-automatic saw is used for cutting boards. The pro- 
cess begins when the buffer and the board come into con- 
tact. The operation starts with the insertion of a board 
which is held in place by cylinder A. Cylinder B moves the 


saw. 





For simpler installations which are easy to understand, it 
is not absolutely necessary to use complex function plans 
or function diagrams. Above all, the simplified represen- 
tation makes the design of the control system easier. 





Path-Step-Diagram 
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Simplified Function Diagram (Type A) 


In the example, the indexing signals are shown in an 
abbreviated form. 


St: Start 


Limit switch, initial position Cylinder A 
a,: Limit switch, working position Cylinder A 
bp: Limit switch, initial position Cylinder B 


b,: Limit switch, working position Cylinder B 
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12.6 Example of the Representation 
of Function Sequences 


Reproduced by courtesy of VDI Publications, Dusseldorf, 
from the VDI Recommendations 3260, Edition 3/77. The 
relevant edition is the latest, available from Beuth-Verlag, 
Burggrafenstr. 4-10, 1000 Berlin 30. 


Electro-pneumatically controlled feed installation 


1= vertical stroke; 2= clamping; 3= horizontal stroke 
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Functional Diagram 
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12.7 Exercise 
Function sequence 


1. Press-fit installation 





Flow chart 7 


2. Drilling Machine 





Sketch 1 


An appliance presses pins into a hole by means of acylin- 
der. The workpiece is held by cylinder A, with cylinder B 
feeding the appliance with manually loaded pins. Cylin- 
der C presses them into the hole. 


All end positions are monitored by limit switches. 


Draw: 


O Path-step chart 
O Flow chart 





Sketch 2 


Parts are drilled on an automatic drilling machine. Feed is 
via a chute and an inserting cylinder A which at the same 
time holds the part in the drilling position. The drilling unit 
is moved forwards and back by cylinder B. When the work 
is completed and the clamp released, the part is ejected 
by cylinder C. The drill is driven by air motor D. 
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Path-step diagram 2 


IXY 





Flow chart 2 


3. Pick and Place Unit 


A shifting unit loads parts from a conveyor into a waiting 
container. The start is signalled by the arrival of a part. 
Cylinder A clamps the part while cylinder B lifts it (first 
movement out of the initial position marked here with a +), 
then cylinder C moves to the side (look out for the initial 
position here too). 


After depositing the part, the unit returns to the initial posi- 
tion. 





Flow chart 3 
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12.8 Pneumatic Controls: 
Properties and 
Circuit Diagram Representation 


Properties of Pneumatic Control Systems 


With the development of new pneumatic control systems, the 
application areas for pure pneumatic controls have been con- 
siderably extended. 


Ithas long been accepted that the logic functions necessary 
for digital control can be produced easily and acceptably 
using pneumatics. As the application areas for control 
systems increase, however, it becomes more and more 
necessary for the representation and implementation to be as 
simple and as clear as possible. 


It is difficult to fulfill these requirements using conventional 
representation methods and ways of thinking in pneumatics. 
Only by using a consistently logical approach and by logical 
representation, in connection with the concept of the integra- 
ted unit, such as fully integrated timing sequences and other 
switching circuits, can pneumatics also show its advantages 
in the field of control technology. 


The advantages are first of all unquestionably those of the air 
medium, such as: 


O Explosion protection 


O Insensitivity to egvironmental influences such as dirt, 
dust, humidity, electrical noise etc. 


O Resistance to a limited extent to aggressive media 


O High reliability and long life of the components 
O Complete safety during overload 


Further advantages of a purely pneumatic control system 
(especially one with all pneumatic or hydraulic components) 
are found in servicing and maintenance. 


OQ - The pneumatic/hydraulic specialist is the only person 
required for service and maintenance work 


O Coordination problems, as well as disputes over 
respective areas of responsibility (e.g. in the electrical 
area) no longer occur 


O Because of the relatively uncomplicated construction 
and safe and easy operation, it is possible with only a 
little extra training to use personnel from production 
areas for maintenance work 


O There are no problems with safety 


O No additional power supply is necessary 
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Circuit Diagram Representation in Pneumatics 


The more extensive and complex a control system, or in 
general an installation, becomes, the more necessary itis 
to represent the system in as simple a form as possible. 
Only then can the operation, maintenance and servicing 
of an installation be guaranteed at a justifiable expense. 


The relevant standard for pneumatics is DIN/ISO 1219 
which was, however, originally conceived for the area of 
power pneumatics and hydraulics and is therefore com- 
pletely valid and legitimate in these fields. 


For control systems the representation of the individual 
devices using the standardized symbols is far too compili- 
cated and above all, is orientated too much towards 
device technology. For the overriding design of an instal- 
lation as well as in the circuit representation of complex 
installations, the emphasis should not be on the devices 
themselves but on the functional relationships. For this 
purpose logical symbols as given in DIN 40700 Page 14 
can certainly by used in signal processing. Here, howe- 
ver, only the pure logic connections are included. The 
conversion to a device technology demands an exten- 
sion, particularly with regard to power. As no standard 
symbols exist in this case, there is no clear definition, 
even if reference is made to the DIN standard symbols. 
For the area of signal inputs, there is no usable standard 
either, meaning that for any simplification here, more or 
less arbitrary decisions must be made. This is also the 
case for the output’area. 


The following are recommendations and guidelines for 
Circuit diagrams: 


The power section of an installation can be completely 
represented by the symbols in DIN/ISO 1219. For the 
control system, the signal processing area can be repres- 
ented by the logic symbols in DIN 40700 with the appro- 
priate extensions for pneumatics. For the input and out- 
put areas it is recommended that simplified symbols be 
devised and used. Connecting and processing devices 
which cannot use the logic symbols should similarly be 
represented by simplified symbols. The same applies to 
integrated units and complete sequential circuits. 
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12.9 Classification of a Pneumatic Control system 


Power Section 


Energy Conversion — Working Devices 


Pressure energy — mechanical work 
Cylinder — motors — tools — components 





Energy control — Power valves 


Directional control, flow, isolating, 
pressure and cut-off valves 


Control 


Amplification: amount — pressure 
Conversion: electric — pneumatic 


Information Processing 





Linkage by means of devices with logical functions 

Directional control-, isolating-and special valves 
~ AND — OR — NOT 

Memory — Time 





Conversion to digital signal 

direct or indirect 

input of information as required 
Automatic information obtained by measurement 





Manual information 


Energy supply 
Power section 


Compression 
Preparation 
Distribution 
Pneumatic 


Hydraulic 
Electric 





Energy supply — Control 









Pneumatic 


Electric 


















Electronic 
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Notes 
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13. Practical 
Circuit Examples 


13.1 Conveyor Drive 


A conveyor is driven by a stepping device and a driving 
cylinder. The system is started by means of a toggle 
switch and then operates continuously. After the equip- 
ment is switched off, the stepping cylinder returns to the 
initial position and stays there. 





Practical Circuit Examples 
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Practical Circuit Examples 





13.2 Filling Device 


Containers are filled by means of a slewing device opera- 
ted by a pneumatic cylinder. The slewing is manually con- 
trolled by relevant control valves. 





Solution 7 


oe 


— lias 





Solution 2 
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13.3 Pneumatic Press 


Components are stamped in a pneumatic press. After 
placing the parts in the support and after pushing the sup- 
port into the press the process starts automatically. 
After reaching the working position, the cylinder returns to 
the initial position. 

The return of the cylinder takes place only after the maxi- 
mum cylinder force has been reached. This is monitored 
by means of the pressure. 





Solution 


Practical Circuit Examples 


)V at 


NIK 


LAN 
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Praktische Schaltungsbeispiele 





13.4 Dipping and Washing Device 


A double acting pneumatic cylinder immerses compo- 
nents into a bath. For complete cleaning two immersions 
are necessary with a 2 second delay during immersion. A 
push button is used to start the operation. 





Solution 1 
Repeat by means of time delay ZV, 
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Solution 2: Repeat by means of counter. 







Practical Circuit Examples 


13.5 Filling Device 


The filling of containers is regulated by a pneumatic cylin- 
der. Monitoring of the amount filled is by means of a gap 
sensor on the pointer of the balance. The operation 
begins when an empty container is on the balance and the 
start button is pushed. At the end of the filling operation 
the container must be removed and replaced by an empty 
one before a new start is possible. 


Signals “empty / full" from pointer 
position. 





Solution 
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Notes 
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Fundamentals of Digital Technology: Pneumatic Devices for Logical Functions 


14. Fundamentals of 
Digital Technology: 
Pneumatic Devices for 
Logical Functions 


14.1 Open and Closed Loop Control 
Engineering 


Open and closed loop control are based on the proces- 
sing of information. Information is represented by physi- 
cal quantities. 
Open loop control: Inanopenloop the given command 
value (set value) influences the 
controlled system via the control 
device. 
Closed loop control: The closed loop system allows 
deviations from the given control 
values to be sensed and adjusted. 


Open Loop Control System 


External 
influences 
Controlled 

system 


Feed back 
value 
















Open loop control device 
Controle 


Set value 
Command 
value 


Closed Loop Control System 










External influences 
Closed loop control device Controlled 
Controller system 


Feedback value Feed back 
Set value 


value 
Command 
value 

















Measurement 


Information and Signals 


Information can be a message or an indication of the state 
of a system. 


Toregister the information, itis necessary to convertittoa 
physical quantity. 

Because of their structure, a differentiation is made bet- 
ween the following: 


Analogue Signals 


A specified range of values is continuously subdivided. 
Each intermediate value is given a signal value. 


Digital Signals 
The range of values is subdivided into steps. Each step is 
given a specific signal value. 


Binary Signals 


The range of values is divided into two regions, each 
region having a signal value assigned to it (binary signal). 


In control engineering binary signals are used almost 
exclusively nowadays. 


Advantages: 


O States and signals which are easily produced and 
clearly defined, e.g. yes-no, on-off. 


O In theory easy to use by following the rules for 
binary systems and technically easy to construct 
by way of devices for the necessary functions 
(switching logic). 





Information signals 
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14.2 Definition and Formation 
of Binary Signals 


Binary Value Generation 


The binary values of the signals are produced by the swit- 
ching device but defined by the energy level (signal level). 


0-Signal Energy flow interrupted 


Energy cut off d 
1-Signal Energy flow free : LLY \ 


Energy switched on 


Signal state 


Energy level 


Flow losses and variations in the power supply do not in 
practice allow constant values for signal levels to be spe- 
cified. A signal level with minimum and maximum values 
is therefore assigned to each of the logic levels 0 and 1. . APR 
The difference between a minimum and a maximum 
value of the 0 level and the minimum value of the 1 level 
(noise margin) should be large enough to ensure that the po a —— max. 
devices used will switch correctly. The switching point of YU 
the devices must lie within this range. 


Max. 


Nominal value 


Nominal value 
min. 





Signal level 


Switching functions 


Normally open 


Normally closed 


V/ V/ 


L_| Double 3/2 directional 
control valve 
\/ 
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14.3 Pneumatic Devices for Measurement of States 


Signal Inputs 


In pneumatic systems the states to be measured can be: 


O 
Structure of the Input Device 
- Sek, O 
Actuation + Switching = Input Devices 

function O 

O 

O 

O 





O 
Cc 
©O- 
O- QO 
C- 
O- 
O- O 
O- 
O- 
O- O 
—W\- 
-W\- 
\W- 
-\W\- 





Information is transmitted to the contro] system by 
manual signal transmitters as required. Status informa- 
tion and measurement values are obtained from sensors 
and transducers. 


Position 

Stroke 

Stoppage 

Pressure 

Time 

Level 

Status of electrical signals 


Measurement Methods, Sensors 


Direct measurement of position and stroke by 
means of mechanically-operated transducers and 
contactless switches such as: 


— limit switch 
— pilot tube 
— reflection eye 


— air barrier 
— proximity switch 


Indirect measurement of position, stroke and stop- 
page by means of pressure (inlet and outlet pres- 
sures) and time signals: 
— pressure differential switch, 

pressure drop switch 
— cut-in valve, pressure switch 
— timing element 


Monitoring of levels by means of back pressure or 
by mechanical switches: 

— pilot tube 

— reflection eye 

— float switch 


Checking of electrical states by 
— converter 

— pressure switch 

— motion transducer 
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14.4 Digital Systems and Combina- 
tions of binary Quantities 


Digital Systems 


Control logic 





Truth table KV-Diagram 
1.Input Variables 
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A control system receives input signals, processes them 
and outputs signals depending on these values. The out- 
put signals are a function of the input variables. 


y=f(a,b,...n) 
When processing binary signals, all variables can take 
the value 0 or 1. If there is more than one variable as input, 
this results in K possible combinations of these bivalent 
quantities. 


K=2" 


Number of Combinations of n Bivalent Quantities 


9 912 


10 1024 
11 2048 
12 4096 





The combinations can be shown in either a truth table or 
in a Karnangh diagram. The function is given by the rela- 
tion of an output value to the respective combination. 


14.5 Basic Logic Functions: 
Definitions.and Types 


Logical functions can be represented by the truth table, 
the logic symbol (acc. to DIN 40700, P. 14) orthe Boolean 
equation. 


NOT Function (Negation) 





Pneumatic Realisation 
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AND Function (Conjunction) 14.6 Pneumatic Devices for 
Logic Functions 


Function symbol Examples of different 
DIN 40 700 | representation 


new 
symbol 





(active) 


y=a 


Pneumatic Realisation 


Gated-AND 
(passive) 


y=aeb 


AND 
(passive) 
y=aeb 





OR 

(passive) 
y=a+b 
OR Function (Disjunction) 


Identical 
(active) 
y=a 





Graphical Symbols 


As the logic covers only the theoretical switching function and in 
device technology the energy and device characteristics must be con- 





Pneumatic Realisation sidered, it is necessary to extend the standard logic symbols. 
There is no standard or guideline in pneumatics for symbols for these 
y devices. 
a b 


Active and Passive Functions 


In order to clearly define the function of a switching element in relation 
to the power supply, the terms active and passive are used. 


O Passive switching element: The energy for the output signal is 
supplied from the supply connection. 


O Active switching element: The energy for the output signal is 
supplied from a separate supply connection. 
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14.7 Practical Exercises 14.8 Practical Exercises 
Signal Inputs Logic Functions 
1. Manual input by push button, 1. AND function by connection in series 
output when actuated y=aeb 


Function: closing 
y=a 





2. Manual input by push button, 2. AND function with AND element 
output when in non-actuated state y=aeb 


Function: opening 
y=a 





3. Manual input by switch with 2 outputs, 
output 1 when actuated, 
output 2 in non-actuated state 
Function: opening / closing 





x= a 
y=a 
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3. OR function 5. YES function (Identity) 
y=a+b active 


y=a 





6. Inhibition (NOT AND) 
passive 


4. NOT function (Negation) 
active 
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14.9 Memory Elements 
Graphic Symbols acc. DIN 40700, P.14 


These are switching elements which receive information, store 
it, then relinquish it on request. 

In digital engineering, memories with two stable states are nor- 
mally used. (Bistable trigger circuit, flip-flop.) 


Port designation 


a y 
b 


a) set input 
b) reset input 
y) output 


y) possible second output 


Dominant behaviour 
State of the output signal when all inputs are stable. 


Examples 





Dominant OFF 





Dominant ON 





Decisive factor for the signal arriving first. 
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Holding behaviour 
Describes the behaviour in the case of power failure and 
on restoring the power. 


Example: 
With hold feature (non-volatile memory) 
Stores the information received even without power. 





Without hold feature 
Erases the information in the case of power failure. 


14.10 Time Response 
A predetermined time delay with a defined value. 


There are two different types: 


O Switch-on 
O Switch-off 


In practice there are usually only elements with switch-on 
delay in pneumatics. 
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Switch-on delay with positive output 





Switch-off delay 


DIN 40700 
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15. Pneumatic Sequential Control: 
Circuit Design and 
Practical Examples 


15.1 Pneumatic Sequential Control 


Pneumatic devices, processing equipment and auxiliary 
equipment normally have a fixed programme sequence. 
For control purposes this sequence can be achieved ina 
number of different ways. The criterion for each 
sequence, however, is that the next step occurs only after 
a successful response to the previous instruction has 
been received. 


Schematic of an Installation 






Manual 
intervention 


Messages 
Indexing signals 


Indexing Signals 


An indexing signal notifies the control system that an 
instruction from the system has been carried out. It must 
therefore detect exactly when the instruction has been 
executed. Indexing signals in pneumatics can be: 


O Mechanically actuated devices for registering the 
state of a system 


O Proximity signal transmitters 
O Transducers for measuring specific values 


O Pressure switches and timing elements 





15.2 Circuit Design for 
Sequential Control 


Example: Saw Unit 





A semi-automatic saw is used for cutting boards. The pro- 
cess begins when the buffer and the board come into con- 
tact. The start occurs with the insertion of a board which is 
held in place by cylinder A. Cylinder B moves the saw. 


Programme sequence 


Pa [seve dB 






157 





Pneumatic Sequential Control: Circuit Design and Practical Examples 


15.3 Exercises 





Circuit Diagram for Saw Unit 


lf the individual steps are triggered by limit switches, then 
the following arrangement is obtained for the operating 
devices. 


Signal overlapping (see 15.4): 
Startand a) — bp 





bam b: 


az 


EK 


e) 


a, > b, 








tt LW 
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15.4 Signal Overlapping 
in Sequential Controls 


Power section and arrangement of limit switches 
Example “Saw Unit" 





Function Chart 


Example Saw Unit 


The states of the limit switches can be included in the 
path-step diagram, so allowing the control diagram to be 
deduced from it. Signal overlapping can be read from the 
control diagram. 





The overlapping of indexing signals presents a problem 
in circuit design for the control of programme sequences. 
Overlapping means that two or more signals which have 
an influence on a process are present at the same time, 
influencing each other and creating interference. 


In the example of the saw unit, the switching signal b is 
present when the system is in its initial state and this 
blocks the start signal. A further overlap is seen with the 
switching signal a which gives the command b + and 
when present for too long interferes with the command b - 
given by signal b. 


Overlapping can affect or interrupt the control sequence. 


To retain a functioning control system, it is important that 
overlapping signals are switched off at the correct time. 


The design of the circuits and the properties of the control 
system depend on the way in which the signals are swit- 
ched off. 


Common methods of switching off signals: 


O Mechanical switching via one way trip roller, pulse 
transmitter or momentary contacts. 


O By means of the contro! system using pulse sha- 
ping (time element). 


O Using a combination of limit switch and memory. 


O By means of memory circuits such as master- 
slave, clock sequences or registers. 


O By means of centralized switching control or pro- 
grammable control units. 
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15.5 Switching off signals in 
sequential controls 


Symbols Type 


Mechanical 


Su | | | By means of one way trip rollers 


Contact switches 


| il ° (toggle switch, wiper, pulse genera- 
\ tor) 


By means of the control system using 
a pulse shaper 


Interlocking by logic connection 
(combination of limit switches and 
memories) 





Using memory circuits 
Cascade 
Timing chain 


Register 


Switching by means of programma- 
ble circuits with step drive 


Paper tape 
Punched card 


Cams 





Programmable plug board 
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Description 


Switch before the end position 
No check on end position 


No interlocking possibilities for the 
control system 


Dependent on the speed of opera- 
tion 





Reliable switch-off 


Complicated as a separate pulse 
shaper is needed for each signal 


| 
Possibility of faulty switching when 
the power is switched on 





Reliable circuits | 
No selective interlocking possible 


Requires a good knowledge of the 
methods used 


Complex and complicated to design 


Secure, reliable switch-off 


Full possibility of interlocking for the 
control system 


Simple and repeatable 


Programming easy to understand 


Difficult to install additional interloc- 
king and other requirements 


Complex with interlocked indexing 
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15.6 Circuit Possibilities 


Example: Saw Unit. 
li Switching off a signal mechanically using limit swit- 
ches operated by means of one way trip rollers. 


Start 


LIN 
ot Am Ady 





2. Switching off a signal using the control system by 
means of a pulse shaper. 


OT al © 


of 


= IN) off TN 


Start, 
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3. Switching off a signal using a changeover valve 





4. Switching off a signal using a changeover valve 
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15.7 Using Clock Sequence and 
Cascade System to 
Switch Off Signals 





Designations 
S: Positioning commands 


S,: Output signal 1 
Sy: Output signal 2 
S,: Output signal 3 
S,: Output signal 4 


r: Feedback 
Acknowledgement of the positioning commands 


ry: Feedback 1 
5: Feedback 2 
rg: Feedback 3 
rg: Feedback 4 
PE: Programme end 


(Initial position) 
PA: Programme start 


Various systematic methods of circuit design are based 
on switching off signals by means of changeover valves 
(memories). 


Commonly used are: 


O Cascade system (when standard technology is 
used) 


O Clock sequence (when pneumatic control systems 
are used) 


There are generally two limits to the design of a sequential 
control: 


O Minimum effort 
© Maximum effort 


Minimum Effort 


The only signals switched off are those which overlap, 
thus preventing a trouble-free operation of the controls. 


Maximum Effort 


Every signal is switched off after the indexing condition 
has been fulfilled, whether it overlaps or not. This makes it 
unnecessary to check where there is overlapping and it 
guarantees that each time only the necessary signal has 
an effect on the control system (complete interlocking). 


Circuit Diagram 


For trouble-free operation, a circuit can be used that 
steps through the programme and switches off each 
instruction after it has been carried out. 


This circuit must have the following attributes: 


O Each output signal must have an indexing input 
signal assigned to it. 


O The output signals must be connected in such a 
way that they are independent of all other input 


signals. 

O The circuit is only allowed to operate in the given 
sequence. 

O It must be ensured that never more than one output 


signal is present. 


O The output signals must be stored to allow swit- 
ching on and off as required. 


Clock sequences and cascade systems are circuit ele- 


ments which fulfill these requirements and can be used in 
the design of sequential controls of all types. 
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15.8 Basic Clock Sequence Circuit 


Example 





Properties of a clock sequence Integrated clock sequence units 


O Simple to design with little time and effort needed Integrated systems were developed to utilize the great 
O Protected against faulty signals and signal input advantages of clock sequence controls without the pro- 

blems of extensive pipework. For ease of use and to allow 
O High switching speed for universal |application, circuits are fitted with 7 central 
O 


Complete interlocking of the indexing signals in reset function. 


case of breakdown As there are no standards for pneumatic control systems, 
the representation and construction of integrated 


4 =— Ogee spare otadany Congnene snag Pe systems varies from manufacturer to manufacturer. 
rating modes 
O Understandable control system 


O Easy to maintain 
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15.9 Integrated Clock Sequence Unit 


Example of a four stage integrated clock sequence con- 
trol system. 


S, Sp 


— 


(Geaeerer 





Simplified representation Function 


O Sequence: Clocked stepping of the programme. 
Only one stage active at each step 


O Indexing condition: The active stage and accom- 
panying feedback are available 


O Reset condition: The newly active stage resets all 
previous stages with the reset signal remaining 
active at these stages. Port 7 is the common reset 
port for all stages 





Definitions and Designations of Ports O End of programme: The signal appears on port 6 
after the last command has been executed and the 


4: Sets the first stage last feedback signal is present 


aren oe of the last stage and the last feed- O Initial position: All stages are reset (by means of 
Ser rar port 7, or, at the end of the programme port 6) 

7: Common reset input for all stages (preset signal) O Start: The first stage is set by means of port 4 (only 

2: Common power supply connection a when the complete sequence has been 
rese 

5: Output of reset circuit, "Active" signal 

3: Clock stage outputs Application Hints 

1: Feedback inputs for the relevant outputs QO The AND function is not integrated into the clock 
sequence butis screwed into place. This allows the 

System Components use of other elements instead of the AND function 

OQ Basic module with hold feature (non-volatile O Either front or rear piping can be used for the 

memory) assembly 


O Basic module without hold feature (initial position 
memory) 


O Register module 
O Input component 


© Output component 
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—__-- rrr on 


15.10 Exercise 


Circuit diagram for saw unit with integrated clock 
sequence 


Flow chart 












A ap ay B Bo b, 


SH) ke 
ATF) Df 
f = A VAVAA 
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16. Programme Types, 
Operating Modes and 
Interlocking in 
Pneumatic Control Systems 


16.1 Programme Types and Interlocking 
in Sequential Control 


Standard programs 


Programs with 
single steps 


Programs with 
instruction loops 


Programs with 
parallel instructions 





Program Types 


The various program types do not just exist in their pure 
forms but also occur in combinations. Whereas a 
sequence in a standard program always runs to the end, 
in a program where branching is included itis not possible 
to exactly define the length of the sequence. 


In multi-level programs either several single programs, 
which only have to be synchronised in the initial phase 
can run parallel to each other, or different program sec- 
tions can be run as required by means of a branching 
instruction. 


Programs with jumps 


forwards 


backwards 





Multi-level programs 


Parallel 
programs 


Alternative 
programs 


Interlocking 


Indexing signals are necessary to control a program 
sequence. Disturbances can be caused in the control 
system by the sensors used to generate the next step ina 
sequence. To avoid this, protection is necessary I.e.: 


O Protection against breakdown 


O Protection against faulty actuation 


O Protection against both continuous actuation and 
exhaust delay 


These protection schemes are partly available through 
the use of completely interlocking devices (clock sequen- 
ces etc.) or they can be built on by way of external compo- 
nents. 


When taking into account the safety aspects in designing 
circuits, further interlocking possibilities may arise. 
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16.2 Operating Modes and Inter- 
locking in Sequential Controls 


| 
AUTOMATIC MANUAL 


Individual controt 
of devices 


Single cycle 


Continuous cycle 


Stepped 
operation 


| 
Arrive ata orédbfined 
position 


Special program 





Stop in the 
position at the time 





Automatic Operation 


In a single cycle a start pre-selection and a repeat inter- 
lock can be fitted in addition to the normal sequence. 


The continuous operation can be switched to work with or 
without preselect. 


Triggering depends on the task and can be mechanical, 
manual by means of a start button or by way of a two-han- 
ded start, with or without a hand guard. 


Manual Operation 


With individual control of drives interlocking is often used 
to make the installation secure. Tap operation is also pos- 
sible. The normal operation can be stepped manually 
through the program using individual clock steps. 


Stop Operation 


Whether a stop function can be used as an emergency 
stop depends on the installation and its application area. 


An important consideration with the stop function is how 
the installation can be started again after being stopped 
(Continue with the program or return to the initial posi- 
tion). 
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Interlocking 


To guarantee a secure and error-free operation when 
switching between operating modes, effective interlocks 
are necessary. 


They must allow the system to start only when all safety 
precautions have been satisfied and the status of the 
system has been signalled by the presence of a recogni- 
sed signal. 


A further interlock is often necessary at the start. As well 
as checking the start conditions, a complete check of the 
status in the initial position is recommended. — 
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16.3 Programmes with 
Repeat Instructions 


Example: Pick and Place Unit 


A pick and place unit loads parts from a conveyor into a 
waiting container. The start is signalled by the arrival of a 
part. Cylinder A clamps the part while cylinder B lifts it 
(first movement out of the initial position marked here with 
+). The picture does not have a + sign shown, then cylin- 
der C moves to the side (note the initial position here too). 
After depositing the part, the unit returns to the initial posi- 
tion. 


All end positions of the cylinders are monitored by limit 
switches. 


Sequence 


16.4 Programmes with Parallel 
Instructions 


Example: Stamping Device 


At the end of a production process the parts are stamped 
and placed in a container. The part coming from the con- 
veyor is pushed by cylinder A to the stamping position 
where itis stamped by cylinder B. Cylinder C then pushes 
it into a waiting container. 

The start is triggered by the arrival of a part, signalled by 
the switch e. All cylinder end positions are monitored by 
limit switches. 


Sequence 
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16.5 Exercise 


Circuit Diagram for Stamping Device with Integrated | 
Clock Sequence | 
| 
| 
1 
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16.6 Programmes with 
Programme Jumps 


Example: Press-fit device 


A device presses pins into a hole by means of a cylinder. 
The workpiece is held by cylinder A, with cylinder B fee- 
ding the appliance with manually loaded pins. Cylinder C 
presses them into the hole. 


Ail end positions of cylinders A and B are monitored by 
limit switches, as is the instroked position of cylinder C. 
The outstroke of C is monitored by a pressure decay sen- 
sor in the exhaust pipe. 


The control should be designed to allow cylinder C to 
repeat the pressing procedure until the pin is in place. 
This is monitored by an extra control switch, e. At this 
point the programme is allowed to finish. 





Sequence 
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16.7 Programmes with Different 
Operating Modes 
and Interlocking 


Example: Drilling Machine 


Parts are drilled on an automatic drilling machine. Feed is 
via a chute and an inserting cylinder A which at the same 
time holds the part in the drilling position. The drilling unit 
is moved down and back by cylinder B. When the work is 
completed and the clamp released, the part is ejected by 
cylinder C. The drill is driven by air motor D. 


All end positions are monitored by limit switches. 


AUTO: Switching from continuous 
operation to single cycle ope- 
ration . 


Start by push button. 


Emergency Stop: All cylinders return to the initial 
position with cylinder B always 
first. 


Magazine Monitoring: Stop inthe initial position when 
the magazine is empty. 
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Sequence 

















Programme Types, Operating Modes and Interlocking in Pneumatic Contro! Systems 


16.8 Exercise 


Circuit Diagram for a Drilling Machine 
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17. Exercises 


Describe the valves represented by the symbols and 
draw the symbols for the devices described below. 


17.1 Graphical Symbols 
Directional Control Valves 


3/2 directional control valve, normally open, air piloted, 
spring return 


3/2 directional control valve, normally open, roller-actu- 
ated, spring return 


4/2 directional control valve, pedal with detent 


MS 


5/3 directional control valve, spring-centred, closed 
mid-position, air piloted 


tilts 


5/2 directional control valve, with double solenoid actu- 
ation 


eel 


3/2 directional control valve, normally open, actuated 
bya plunger 


ae 


4/3 directional control valve, closed mid-position, cent- 
red by springs, with double solenoid actuation 


4/2 directional control valve, double air actuation 


17.2 Graphical Symbols: Flow-, Isolating 
and Pressure Control Valves 





Pressure regulator with exhaust 


_ oe 


Shuttle valve 





Quick exhaust valve 
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3. Which cylinder type allows stops in a number of posi- 


| tions? Draw the symbol. 
| 


Double cut-off valve 


Multi-position cylinder 





Pressure limiting valve (pressure relief valve) 


4. By use of which physical influence can the torque ot 
an air motor be varied and which valve is used for this 


purpose? Draw the symbol. 
Pressure resp. pressure regulator 


Check-choke valve 


Se 
oN 
5. Draw the\graphical symbol for the valve ar 


Adjustable choke valve 





17.3 Valves and Drives 


1. What details are necessary to give an exact des- 
cription of a directional control valve? 





2. A cylinder with a piston area of 10 cm2 is to be 
used for lifting a load vertically (p = 5 bar). For what 
loads is the cylinder suitable under normal opera- 
ting conditions? 


To 1: Number of ports and positions, type of initial-, mid- 
and neutral position, actuation, size, design. 


N 








2 
To 2: F,,,=P%A=50—. * 10cm" = 500N 
cm 
Fy=Fyan-FR—Fai Fa =10%F, 4, 


Cylinder suitable forloads of approx. 200 to 220N. 
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a 


17.4 Control of Drives 


Draw the circuit diagram for the following problem: 


Contro! of a double acting cylinder, outstroke triggered by 
a plunger, instroke beginning after reaching the outstro- 
ked position. Outstroking speed is adjustable, instroking 
speed as fast as possible. 








ALL, cain 


17.5 Function Charts 








Construct path-step and flow charts for the following pro- 
blem. 


Example: 
A strip of material is stepped forward by a suction unit D 


and a transport cylinder A, painted by cylinder B then cut 
by cylinder C. 


Flow chart 
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17.6 Example of Circuit Diagram 


Draw a circuit diagram for a double acting cylinder: 
Outstroke: Actuated by a start button. 


Instroke: After reaching the end position and after an 
adjustable delay. 


Further condition: The instroke must be ensured even 
when the start button is held on for too long. 


Front 


Cylinder A 


Rear 


Path-step-chart 


waa 


> ET 


ss Ty = | 


Flow chart 
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17.7 Example of Circuit Diagram 


Construct the circuit diagram for an installation with 2 
double acting cylinders, A and B. The sequence of opera- 
tion is to be taken from the path-step chart. 


Start: Triggered by start button. 


| 
Indexing Conditions: All cylinder end positions are moni- 
tored by means of limit switches. 








— 


A Ay 
a fall 
i 


Dain tlt A lee 





«db, Lot senna i 
| Ye ©) 
SEIN 


Circuit diagram for cylinder A 
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Circuit diagram for cylinder B 


17.8 Various Exercises 


1. Which maintenance work should be carried out regu- 
larly on a pneumatic installation 
Clean filter, check drainage, adjust regulator, fill oil 
reservoir, check adjustment 


System 


Check for tightness, check silencers, clean limit 
switches, check silencers, check safety equipment 


2. What are the main factors influencing the average 
outstroking time of a pneumatic cylinder? 


Pressure, piston area (©), loading, port size 


3. Draw the graphical symbol for the device shown ano 
describe it. 





4, What are the most important features of an ait 
motor? 


Torque M, Speed n, Power P. 


5. A cylinder with a piston diameter of 40 mm is to be 
used to lift a load vertically. The working pressure 
is 5 bar. For what load is the cylinder suitable 
under normal working conditions? 


Piston area 
= 12,5cem* 





A 
A== 
4 


Theoretical force 
FL =p*A=50 N/cm@ © 12,5 cm* = 625N 


Friction force 
Fr ~0,10°F,=65N 


Force 
F= F, — Fp, = 625 — 65 = 560 N 


Effective force a =50%*eF 
fy = 0,5 « 560 = 280 N 
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